Historic, Archive Document 


Do not assume content reflects current 
scientific knowledge, policies, or practices. 





Reserve ARS 81-31 
aSB93 1 May 1969 
U54 


1969 


SURVEY METHODS 


FOR SOME 






ECONOMIC INSECTS)... | 
Or 


\ tA \j Pe 


Agricultural Research Service 
UNITED STATES DEPARTMENT OF AGRICULTURE 


United States 
Department of 
Agriculture 


Nationa 


AGRICULTURAL 
LIBRARY 


Advancing Access to 
Global Information 


for 
Agriculture 





ACKNOWLEDGMENTS 


The Plant Pest Control Division wishes to thank workers. in the following 


agencies 
Division 
eervice, 
ation is 
pated in 


for their assistance in preparing 


this series: Entomology Research 


and Market Quality Research Division of the Agricultural Research 
and the Division of Forest Pest Control of Forest Service. Appreci- 
also extended to individual contributors from many States who partici- 


this cooperative effort. 


Trade names are used in this 
for the purpose of providing 
Mention of a trade name does 
guarantee or warranty of the 
Department of Agriculture or 


publication solely 
specific information. 
not constitute a 
DRodwer by thes US. 
an endorsement by the 


Department over other products not mentioned. 


Compiled 


by 


Plant, Pest Control Division 
Agricultural Research Service 
United States Department of Agriculture 
Hyattsville, Md. 20782 


InN CCOCUGELOnme mete Rare 
Cereal and forage Rneeees SG x 
CorneandesOrenun sca. aan mms me 
HOLopea ny) COrnmvOrer mature mn 


CeOPNeietane his 


Instructions for completing ioe corn borer 
fall infestation survey Form PPC 3-10 
Estimates of damage by the European corn borer to 
grain corn in the United States 


southwestern corn borer . 
Corn CarwOrmiie-m tm a0 monn mee 
Corn earworm on dent corn . 
Corns rooOcworns mes mre Tiere 


insects found) inacorn ‘aa sorghum fields . 


Insects in heads of combine-type grain acineinun rs 
Insects interfering with corn pollination 


Forage legumes... ae one 
Alfalfa oe ree Ssieee gs GG 
Alialiauweey ily... aw ssetanae 
CTOVeC Ea pi Gara. ame 56 


Pea aphid (see eee rane Insects, peas 


Spotted alfalfasapnid 27, 
Iadino clover seed midge . . 
Lygus bugs ogee Sake ee ee Ws ok ons 
eyemincredksveisregs) A a Ge ik ne 
DWEELCLOVErEWEECYV 1.0, py .teLues ane 
Ui fomqculalee A ol kl en a 
Armyworm Sete ry ee 
HoowelWenlS Hewener A Boy ee pew 
Chinch bug Be on be 
Gpetlaita, TenejomWeles SA A GB 
Greenbug aa a keer ae ae + 
tetstowlcke BRI Sn Se oe bs 
Insects found in small grain 
ime Yoheabal< Jee! Ate gS a Om gy S 
RIECCAWCeVA Iie amie: ee eee 
Woes Gestemecawi Lyamrcm, ame 
Diversiii ede CrOpS uar-un a mtan mr 


CULWOPMS © cance sacs ne ee meee 
Gras SiOpper Ge .ae ian. me tae caeee 
Cotton insects Mate ie ae 
Cotton councii7dataqsme arene 
BoLIA wee valve, 2s. eer en eee 
BOLI WODrmS yee. 70 cue cms nes mee eee 


lubed Jeollibsicre) & 2 Wy 6 6 4 E 
COCCONMa DOG Ciesme me cman mne mn 
Cottons it leanoppe rm. ueeae ae 
Cocttcnmlealworm =, as ume see 
Lygus bugs or other mirids . 


sak 


CONTENTS-- continued 


Cotton insects .continued. 


eter CCSe arsine Vole em elem eiate Me pss. 
GOSS. Fens. eas : 
Survey methods for rede conem in “ene . 
Prirtoeein cotton.in Arkansas ... . . . 
POMeSGeLOSECUS . ..+ 5 ee : : 
Balsam gall midge ee Serene. aoe in ae 
Se TOCA UCSE NCP LON a sen ae 6s : . 
larch sawfly damage appraisal survey in is Tae 
DieceheNCE LOM §.t meme fon fe cule owe 
Red-pine sawfly survey ee aL cor the fae 
puates Region. « vane 
Saratoga spittlebug cansheal: Sparceieeal ere in 
Wao ole LOSmNeE 1 ON en «erelrals sore ey a 
Spruce budworm detection survey in aie pvates 
eo ODimiellcm aches care ° 
Spruce budworm Oey Pernode sal el a= seaeeee Saee: 
POUL CSL Ga am outs tp» vie : A canst. ° 
White-pine weevil ape survey in ee ere staves 
Region - 
eee is CC MME, Mite Als Uist edie Wes sii ss 6 pe ls yew Sts) 2! olue 0 
GL 1S ps 6's Sé 8 ye a A ee AAS Ss OS ae a a 
Citrus red oe A TO ec Oe Ce ee ee 
AOS Se, ee a, ee 
Scape roou borer . ... sae ® 8 6 666 FW 2S HF 
Western grape leaf Seer ioe ot ae kG 
PemeeiTULUS  «. « (- BP AES Bl OB Oe ce ode 
Apple maggot fly ererpence a 8 
Drie omer eth) COT CGI Si Bic ien osu. eiceule. sue) ee) oe ye 
“eeiee GEIR Va” Aon See Pere Ca necn e  ce 


stone fruits oy ew 
Cherry fruit fly Soo 
Plum curculio--survey meted st 5 
Plum curculio--techniques in jarring . : 
Insects affecting livestock and domestic arenes 
Survey methods for livestock insects 
Mites on cattle, peat. sheep, hogs, dogs, aaae ate 
Soybean insects oe. CRE eee Oe ee rons 
Insects found in eee ne ae 5 are 
Plant-shaking methods for poe ieee ey in 
Arkansas .. . is Viggen 
Three-cornered Senge hopper. 
pLorea product insects . . « « « 
otored grain insects ... . 
Sugarcane insects 
pueercane borer . ». « « « « 


aad 


CONTENTS--continued 


Tobacco insects ... PO Mere ne? bi. te UA Ge ae Pe 
Determining insect eee on shade-grown tobacco . 
Vegetable tinsectsm. (.0.u +m sms iti mem moa me 
Oni OMSS Sci. PA eee ee ee Oe 
Onion saeroaiyat che Comets. ss Mepe cm's Mc Mtoe ci ei. cmc Bemmre 
Pegee and obCANG. metem sa cnedie ical cme cic M esteem sme 
ee) euler oe Oe Kn © 0 > oo to OO 8 
POR EWECVL1. sv leu.e be) 0. sls Meee RNot cate aNclnredane Me cam oumrCEEEs 
Western sbean  CULWOLM. © ses tis ts mec ote ic tomo mCom cums 
POLALOCS El em: ce 4 A eS Via eee oe ears 


Aphid -geenicyetisiace 6 on peter tee an the Northeast . 
Green peach aphid on potatoes in the Northwest . 
ivere-nerel wa eis ry SG SG SO be OG Ut Of 
Sbletehgeveyeuec) Ge ie OO GAO 6 0 Ooh So 
Beet leafhopper survey using a standard sweep net 
Beet leafhopper survey using square-foot sampler 
FPOMACOSS. sicmis fe tis ac Mie oie Ms Me ie Mie@its Mis mite Motto Micmrcmneues 
Tomatont rus CUWOrl i «msn site ots Met clNtc © ome sme omrouncs 
Hquipment ands techniques 9. \. .e.uien «8-5 sm hom cu sien 


Blacklight trap standards for general insect surveys 


(lie Metseuit=) chal anachelee Wy  O OS A 5 OF GM ab 
A portable field cagesilorsinsectss- 5 .-e 5s) <a 
A portable rearing cage for insectS . . . ++ «ss =» 
A sampling fork for estimating populations of small 
cWenel Sueles eels Wh wa. ee OS tee oO th Keats OG 
Sticky-board traps .... ° ° ones 64 6 @ 
Sugar bait for Heliothis mocks in ickaneass 7 A OS 
Sissons eee Gc) et eo AO SG eG 
Authormindex .2 6 ot sl +s Nts tists sti of ols ace oN som omromns 
sjerenisis Gaels Ry Co eS a oO 8 


TA 


Page 


100 
100 
102 
102 
102 
102 
102 
103 
105 
106 
106 
107 
108 
109 
109 
110. 
wal 
pia: 
Te 
1¥2 
11 
116 
118 


fake) 
125 
126 
127 
131 
35 


SURVEY METHODS FOR SOME ECONOMIC INSECTS 


INTRODUCTION 


These survey methods are intended to help entomologists evaluate insect 
populations more accurately. Over 80 methods are grouped according to cereal 
and forage, cotton, forest, fruit, livestock, soybeans, stored products, sugar- 
cane, tobacco, and vegetables. Major sections are arranged alphabetically. 
These are further divided into specific crops. There is also a section on 
equipment and techniques. 


The need to develop uniform methods to measure pest populations and the 
damage caused by them has long been recognized. Observations based on individ- 
ual assessment and expressed in abstract terms, such as light, medium, or 
heavy, have little meaning but those based on, numerical measurement have real 
meaning. Proven methods provide a common yardstick for evaluating insect 
dntestavion levels and serve as a basis for practical control. They also may 
be used as a guide to measure pest damage and to .determine the amount of loss. 


A separate compilation entitled "Survey Methods" was issued in 1953. 
Revisions appeared in 1955 and 1958. The present publication is the result of 
a demand by survey entomologists for a further revision. Additional methods 
and refinements in techniques have been included. 


whe Plant Pest Control Division is concerned with control or containment 
of a number of pests. Surveys have been published in U.S. Plant Pest Control 
Survey Manuals ny for the following pests: Beet leafhopper, burrowing nema- 
tode, cereal leaf beetle, citrus blackfly, European chafer, golden nematode, 
eypsy moth, Hall scale, imported fire ant, Japanese beetle, khapra beetle, 
Mediterranean fruit fly, Mexican fruit fly, Mormon cricket, potato psyllid, 
soybean cyst nematode, sweetpotato weevil, and white=fringed beetles. 


Boll weevil, pink bollworm, and grasshoppers are included in this compila- 
tion as these insects are widespread and surveys may be conducted outside of 
the Division's activities. 


1/ Available to plant pest control workers and cooperators from Plant Pest 
Control Division, Agricultural Research Service, U.S. Department of Agriculture, 


Federal Center Building, Hyattsville, Md. 20782 
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CEREAL AND FORAGE. INSECTS 
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Corn and Sorghum 
European Corn Borer 
hi tT TD 2/ 
Elmer W. Beck ~ 


Abundance ourvey 


The recommended procedure for making the European corn borer (Ostrinia 
nubilalis (Hubner)) fall abundance survey is to make 10 observations, or sample 
. SS 
A ~ 


counts, per county. I is found that contiguous counties cannot be sampled 
by utilizing 10 counts per 

which averages about five 
is not recommended. 


county, a survey on a district basis is preferred, 
counts per county. Fewer than five counts per county 


le count is obtained in a prescribed manner. The 
oints are distributed uniformly by marking them on 
urveyed. The observer is instructed to proceed to the 
on the map and to sample the first cornfield encountered. The 
obtained after walking 50 paces into the field from the most acces- 
t. Beginning with the first plant on the observer's right, 25 con- 
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lants are examined for infestation and the number of infested plants 

e last two infested plants encountered in the count of 25 are 

nd the number and stages of borers found recorded. ‘The product of 

ti average borers per plant becomes the estimate of the 
borers per 100 plants. The observer then pro- 

on throughout the survey. 
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Distribution Surv 





The distribution surveys are less formalized than the abundance survey. 
In searching for new infestations, available time and number of observers are 
the limiting factors. Recommendations have been to examine as many fields as 


possible that are deemed most likely to harbor the borer. For example, 
midseason surveys should be made in earliest fields in the area under obser- 
vation, and September or later surveys should be confined to late fields. 

s ie 


3 
oncentrations of borers, if present, are expected to be more abundant in the 
i types of fields. 





, tormerly with Grain and Forage Insects Research Branch, 
earch Division, Agricultural Research Service, U.S. Department of 
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UNITED STATES DEPARTMENT OF AGRICULTURE 
AGRICULTURAL RESEARCH SERVICE 
PLANT PEST CONTROL DIVISION 
AND 
COOPERATING STATE AGENCIES 


PPC Form 3-10 
Aus. 1958 
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STTR FAN CORN RBORER INFESTATION IPpUEYV 
BRUROPEAN CORN BORER FAL! INFESTATION SURVEY 





Number of plants infested in count of 25 | Condition 


Number of borers, by stage and | 
instar, in two infeseed plants (2 |] HI | 1 Iv v iP. E Toral 
Number stalks broken 4above car. Other thax tamel - Number salks brokes below cr Number of cars cn groead 





Notes: 





Ts = = : 4 m= | oe a— eee etre = _— 
Line 1. (a) Enter date and number of district and field surveyed. b 
> +} Ps Ila = - _ _ — as ——— =| ~ > --- 
Check whether field corn or sweet corn, and name the State and county. 
Line 2 R rd number of plants infested out of the 25 examined 
iine . a} neco number OL pL CS intrested Out OL Une «> examined 


v 


(infested plants usually show broken stalks or tassels along with typical 


larval frass). (b) Des 
the amount of lodging, 





Lines 3 and 4. (a) Record number 
(I through V) present in the first two 
larvae for each infested plant 
negative depending upon whether or not 
Pupae may be counted but eggs and dead 








Line 5. Fill in numbers of infested plants with stalks broken above and 
below ears and also number of ears on ground. 
> cr = = -o shAo roayreron a= misn-c t=rnfactad mis Tt? 5 a 
Line 6. (a) Determine and enter the percent plants infested by mlti 
cy 7 Pa. 8! (eee ® en + \ Brater mimher ofr horere 
plying the number of infested plants (line <) by ©- 0) Enter number of borers 
per infested:plant. This is obtained by averaging the two totals in lines 5 
J ty of Marylan College Park, Md. 


yi Department of Entomology, University of Maryland, Coll 


and 4. Finally, enter the number of borers per 100 plants. This is derived by 
multiplying the percent of plants infested by number per infested plant. 


Estimates of Damage by the European Corn Borer 
to Grain Corn in the United States 


Plant res teconutcrole Division 4] 


Damage estimates to grain corn by the European corn borer (Ostrinia 
nubilalis (Hubner)) are prepared by using production data and crop values re- 
leased by the Crop Reporting Board, Statistical Reporting Service, USDA. ‘The 
basis for these loss estimates is determined by the survey of European corn 
borer populations during the fall of the year for which estimates are being 
made. An established index of 3 percent loss per borer per plant is used to 
compute the loss in bushels. 


Procedure 


Losses to grain corn by European corn borer are calculated by using the 
following categories: 


(A) Production in thousands of bushels. 

(B) Average price received by farmers for the season. 

(Cc) Percent production for district, county, or State. 

(D) Estimated production in thousands of bushels (A multiplied by Ce 
(E) Borers per 100 plants. 

(F) Percent loss (E mltiplied by 0.03). 

(G) Percent production (100 minus F). 

(H) Potential production (D divided by G). 

(I) Loss in thousands of bushels (H minus D). 

(J) Loss in thousands of dollars (B multiplied by i) 


Total production, of corn for erain (A) and the season average price per 
bushel (B) are obtained from the Federal or local crop reporting service. 
Percent production (C) of the total (A) for a given district or county is 
determined at the State or local level. Estimated production in thousands of 
bushels (D) for the district or county is obtained by using the percent pro- 
duction (C) for that district or county. Borers per 100 plants (E) are deter- 
mined during the fall survey for the year for which losses are being determined. | 
Percent loss (F) is obtained by multiplying the number of borers per 100 plants 
(E) by the established loss index of 3 percent per borer per plant. Percent 
production for the district or county (G) is the result of subtracting the 
percent loss (F) from 100 (percent), the potential production. The potential 
production (H or 100 percent), had there been no loss from the European corn 
borer, is determined by dividing the estimated production in thousands of 
bushels (D) by the actual percent production (G). The loss in thousands of 
bushels (I) is the result of subtracting the estimated production (D) from the 
potential production (H). The loss in dollars (J) then is obtained by multi- 
plying this figure (I) by the average price per bushel (B). 


L/ Agricultural Research Service, U.S. Department of Agriculture. 
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Calculer vons 


A State produced an estimated 2,318,000 bushels of corn (A), and farmers 
received $1.35 per bushel (B) for a given year. The northeast district pro- 
duced 35 percent (C), or 811,300 bushels (D) of this total. The number of 
borers per 100 plants (E) for this district was 215. Therefore, the percent 
loss (F) from the European corn borer was 215 multiplied by 0.03, or 6.45. 
Percent production for this district (G) was 100 minus 6.45, or 93.55. ‘The 
potential production (H) was, therefore, 867,240 bushels, or 811,300 bushels 
(D) divided by 93.55 percent (G), had there not been a 6.45-percent loss 
because of the borer. Total loss in bushels (I) is then 867,240 minus 811, 300 
(H minus D), or 55,940 bushels. This figure (I) multiplied by $1.35 per bushel 
(B) gives a monetary loss (J) of $75,520. 


Southwestern Corn Borer 


W. A. Douglas 2/ 


Various methods of selecting areas to be sampled for losses caused by the 
southwestern corn borer (Diatraea grandiosella Dyar) have been used. Gener- 
ally, the most convenient method is to enter a field near the center of the 
most accessible side, walk 25 paces into the field, and start with sample No. 
1 by taking 10 consecutive plants on a row. The second sample should be 
located by moving 25 paces toward the center of the field from the first 
location. Subsequent locations should be determined by the same method until 
five locations and a total of 50 plants have been sampled. 


Mie uate as divided into districts.© A certain number of fields is taken 
from each district. The number of fields per district is determined by corn 
ecrease- in the district. 


A formula for percent loss caused by the southwestern corn borer was based 
on a study conducted by C. A. Henderson. Data of losses were taken in 1962, 
1963, and 1964. He found that borer tunneling caused a loss of 55 grams per 
stalk. If a plant was girdled and on the ground, the stalk was a complete loss 
when harvested by a mechanical harvester. 


Formula for percent loss per field: 


ec ( multiplied by number of girdled plus 55 miltiplied by number of infested 


50 


The average weight of ear corn per plant when uninfested was 227 g. ‘The 
average weight of ear corn per plant when infested was 172 g. Therefore, borer 
tunneling caused on the average a loss of 55 g. per plant--11,350 g. equals the 
number of grams that 50 uninfested plants would yield. 


Grain and Forage Insects Research Branch, Entomology Research Division, 
ARS, USDA, State College, Miss. 


Corn Harworm 


6/ 


H. C. Cox, K. J. Starks, W. W. McMillian, and W. A. Douglas 


Corn production data for use in determining corn earworm (Heliothis zea 
(Boddie)) damage are obtained from the Federal-State Crop Reporting Board, 
Statistical Reporting Service, USDA, which has headquarters in each State. On 
the average, one field is examined for each 700,000 bushels of corn produced 
during the 5 years immediately before the survey. 


Specific cornfields within a district are determined before the start of 
the survey by placing dots, each representing a field, along the main highways 
on a road map. A commercial map obtained from oil companies is preferred to 
the official State Highway Department map from each State, because the commer- 
cial map is usually more detailed and, therefore, useful in estimating mileage 
between fields or distance of fields from towns. Dots, representing corn- 
fields, are placed along main highways. Considerable time is saved by limiting 
travel to main highways rather than including the secondary highways. Occa- 
sionally, during the course of a survey, when no cornfield is found in the 
vicinity of the dot on the map, travel is continued in the same direction and 
the first cornfield encountered is surveyed, However, when such a field occurs 
in another crop-reporting district, the course of ‘travel is reversed. 


Fach field is entered near the center of the most accessible side, usually 
the side near the road. The first sampling site is located by walking into the 
field 25 paces from the margin. Observations are made on the top ears of 10 
consecutive plants beginning with the first plant on the right in front of the 
observer, depending on the direction of the row. After a general examination 
of the field, the husks are pulled back from each ear of corn to be observed 
and the following information is recorded: (1) Date, (2) location of field in 
State, (3) row width, (4) number of plants per acre, (5) number of ears per 
plant, (6) kernel color, (7) earworm damage class, and (8) notes on miscel- 
laneous items such as cultural practices and weeds. 


After observations on the last plant at the first sampling site are 
recorded, the second sampling site is selected by walking 20 paces toward the 
center of the field from the first site. Data are again obtained on items 7 
sand 8 above. The same procedure is repeated for subsequent sampling sites 
until 50 ears (10 ears each from five sampling sites) are examined in each 


field. 


After the field is surveyed, the dot on the map is crossed off. The field 
number recorded on the survey data sheet is also recorded on the map beside the 
dot. Maps are filed for future reference. 





Grain and Forage Insects Research Branch, Entomology Research Division, 
ARS, USDA, Tifton, Ga., Serene, Uganda, Tifton, Ga., and State College, Miss., 


respectively. 





The tg lowing table of damage classes was first determined by R. A. 


Blanchard after grading several thousand ears of corn damaged by the corn 
earworm: 

Class O il 2 3 \ 5 
Penetration, inches O OFconor Ogee ames ih imo re One over 3 
Loss, percent 0 Ogu OF Pe) eon 16.55 


A number of hybrids and open-pollinated lines were included in the study. 
Mr. Blanchard and the authors are aware that the true percentage of loss, when 
measured on a depth of penetration basis, depends on the size of the ear. 
They believe, however, that the system is the best approximation of true damage 
when limitations must be placed on time, personnel, and funds. All measure- 
ments of actual earworm penetration are made beginning with the first kernels 
Speove sear, nOL With the tip of the ear. 


Corn Earworm on Dent Corn 


Meee Icon. Ge H. GOuld, hat. Everly, and Dv L. Schuder 8/ 


Survey Methods Used in Indiana 


Fntomologists in Indiana have been attempting to obtain an estimate of the 
fall infestation and damage of the corn earworm (Heliothis zea (Boddie)) to 
Gentecorn. This has been done by making an earworm survey along with the 
annual European corn borer survey. 


Methods 


For the survey of corn earworm damage, 200 sampling sites were selected 
Pople oOvor ss ie sovace of indiana was divided into 11 regions depending upon 
Wecacron and soil types. Hach region consisted of seven to 10 counties. ‘The 
200 sampling sites were then divided among the regions proportionately ac- 
cording to the corn acreage. In this way, the northwest central region, con- 
sisting of seven counties with the highest corn acreage, was apportioned 25 
sampling sites. The southeast region also consisting of seven counties had 
only seven sampling sites, because of its much lower corn acreage. 


Sampling sites were predetermined in each region and marked on a map so 
that the entomologists making the survey obtained the sample by driving 


dizecyly to the location and sampling the cornfield nearest to the site. In 
predetermining the sampling sites, an attempt was made to proportion the fields 


accordingly in areas of muck, loan, and sandy soil types. 


a), Formerly of the Entomology Research Division, ARS, USDA. 
of Department of Entomology, Purdue University, Lafayette, Ind. 


rf 


Fields were sampled by walking 50 paces into the field and-then examining 
the ears of 25 consecutive plants. Any ear that had been damaged by the ear- 
worm whether the insect was still present or not was, considered infested. The 
first two infested ears were removed and the number of destroyed kernels on 
each ear counted. Allowances were made for small kernels near the terminal 
end of the ear that might not be expected to develop under normal conditions. 
The data from these two ears were averaged, and a percentage loss calculated 
based upon the average total number of kernels per ear from two representative 
uninfested ears selected from the field. There was very little variation in 
the number of kernels per ear in a variety in a field. Regional data were 
determined by averaging all fields in the district. 


Corn Rootworms 


QO. H. Hammer 2/ C. E. White 10/ and L. L. Peters 11/ 
A survey method was developed for the survey entomologist to aid in making 
a reasonably accurate estimate of the damage and corresponding loss of field 
corn caused by corn rootworms (Diabrotica spp.). This survey concerns the loss 
caused by the larval stage. 


While accuracy is not 100 percent, the additional time required to gain 
100-percent accuracy is not justified when 90- to 95-percent accuracy may be 
attained with the amount of time available to the survey entomologist. Spe- 
cialized and often expensive equipment is not needed to apply the method 
described. 


Timing of Survey 


Timing of this survey is not critical. The longer the survey is delayed, 
the more accurate it will be. Kernels should be fully developed though not 
necessarily dented. The best time for rootworm surveys is in the tall) betore 
the European corn borer-corn earworm survey. 


Selecting the Fields 


Examine at least 20 fields per district; more, if time permits. Fields 
should be as evenly distributed over the district as possible. The number of 
fields or Crop Reporting Districts examined ig left to the discretion of the 
survey entomologist. The number will vary according to crop distribution. 


Dow Chemical Company, Bio-Products Center, Midland, Mich. 
10/ Department of Entomology, University of Illinois, Urbana, Ill. 
11/ Department of Entomology, University of Missouri, Columbia, Mo. 
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Forms for Recording Field Data 


A standard method of recording the field data, which facilita“es entry of 
field notes and transfer of data from the field log, is shown on page 12. 


Method of Survey 


Obtain sample by walking 50 steps into the field from the most accessible 
point. At this point, begin with the first 25 plants on your right, observe 
and record the number of rootworm-lodged plants. A lodged plant is one that 
is 2 inches off center at about 1 foot above the ground. Move to the right 10 
rows from the last plant observed and record the same data for the next 25 
plants. Continue this until 100 plants have been examined. 


(Example of method of survey. ) 





oad walk in EUSP SCL eee Adie Nee crac - 
50 steps 25 plants eal icone LS: Se 
i iwalk over 10 rows 
inspect iy saccccrcccceces prea rste : 
25 plants ice 
vd 
inspect i 
25 plants j 
inspect 
25 plants 


CAUTION: Examine roots of a few plants to make certain that lodging is 
caused by corn rootworms and not by other factors such as excess water or 
herbicides. Rootworm-damaged roots will have gouges and tunnels and will have 
several rings of roots partly or completely destroyed. 


In each group of 25 plants, estimate and record the number of kernels on 
one ear from one straight and one rootworm-infested lodged plant. The plants 
Siouldspreterably be growing side by side. If adjacent plants cannot be used, 
Select straight plants growing as close to the lodged plants as possible. If 
iecompercenusoretune plants are lodged in the field, use this field as a record 
meme lodged) plants only and disregard straight plants for this field. The 
kernel count data may also be used to supplement the data collected for the 
corn earworm damage survey Ley To estimate the kernels on an ear, count the 
number of kernels on an average row on the ear and multiply by the number of 
rows on the ear. 


12/ U.S. Dept. Agr. Coop. Econ. Insect Rpt. 13(16) :420-422, 1963. 
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The losses are best calculated on a district pasis. Losses tromraiL 
districts are added together to get the total loss for the State. The method 
Of aca LCulavionels as) Lollows: 


1. Add together the number of plants lodged because of rootworms from 
all four groups of 25, in each field, and enter into the percent column on the 
recording sheet. 


2. Add together the number of kernels per ear on lodged plants. Divade 
by four and enter into the average column for lodged plants. Do the same for 
the straight plants. 


3. Total the percent columns and average kernel count columns for the 
district and divide by the number of fields examined. For average kernel 
count of lodged plants use number of fields infested. 


We Estimated kernels 
per ear, lodged 
100 percent pateaneys plants, average X 100 equals percent reduction 
Estimated kernels per infested plant 
per ear, straight 
plants, average 


5. Percent reduction X percent plants infested equals percent loss for 
aie eldsmineDistricv. 


6. Crop Reporting 
service total 
Viele Lor 


) 

) 

) Crop Reporting 
District (bushels I - 

) 


Service total 
yield for 


( 

( bushel loss 
( 

(District (bushels) 

( 

) 


inus for District 


LOO percent minus 


) 

) 

) equals 
percent loss ) 


7. Sum total district losses (bushels) X unit value (dollars per bushel) 


s 
equals total State loss ($ 


See example given on following page. Circled numbers refer to corresponding 
numbers above. Use the 20 fields on sample chart as an example of one district. 


LO 


Average estimated Average estimated 





kernels per ear kernels per. ear on 

Field Percent Q) on lodged plants (2) straight plants 
1 y) DLT (Ol 
2 Sf 536 688 
3 a) 684. 716 
etc. etc. etc. etc. 

20 216 = 10.8 6,550. UGE & 

20 © seinen) 0G) 20 ms @ 


©) 100 percent minus ete equals 100 percent minus 7O percent equals 30 
percent reduction per lodged plant. 

G) 30 percent X 10.8 percent equals 3 percent. yield loss all fields. 

6) From Crop Reporting Service for District: 


Average yield per acre equals 50 bushels. 
OOF OCOsa cress narvestcdsyicldstor district equals 100,000 X 50 equals 
5 million bushels. 


ee ee minus 5 million bushels equals 154,639 


100 percent minus 3 percent 


bushel loss for District. 
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CORN ROOTWORM (Diabrotica spp.) LOSS SURVEY 
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Insects Found in Corn and Sorghum Fields 


Sea roe emer '/ “and 1, te Petere 22/ 


survey Method for Insects Found Above Ground 


Count all insects found on 25 (100 to 200 in a few cases) consecutive 
plants, plant whorls, ears, or heads, depending on the feeding habits. Deter- 
mine and report the percent of plants or parts of plants that are infested or 
damaged and the number of insects per 100 plants or parts of plants. Determine 
the number of larvae on or in two infested plants then multiply percent of 
plants infested times 100 to get the number per 100 plants. ‘This method is 
used for corn flea beetle, Japanese beetle adults, chinch bugs, corn rootworm 
adults, corn earworm (100 to 200 plants, if checking whorl feeding), fall army- 
worm (100 to 200 plants, if checking whorl feeding), armyworm, grasshoppers, 
corn leaf aphid (estimated number per tassel, whorl or leaf), thrips, European 
corn borer egg masses, European corn borer, and other stalk-boring larvae. 


survey Method for Insects Found Below Ground level 


This survey method is designed to determine insect abundance and stand 
damage. The method is used mainly for early season work when the plants are 
small. Determine the percent of plants damaged by examining 100 consecutive 
plants at two places (200 plants in all) 25 to 50 rows apart. In heavy infes- 
tations where possibly a fourth or a fifth of the plants are damaged, an 
examination of 25 plants at each place should be sufficient. 


Examine the plants rapidly as you walk along the row. Look for plants 
that are stunted, wilting, dying, or cut off. Determine the number of larvae 
per damaged plant by examining the roots and soil about the roots of at least 
two damaged plants in each group of the plants examined. To get the average 
number of larvae per 100 plants, multiply the average number of larvae per 
damaged plant by the percent of plants infested by 100. Report the percent of 
plants damaged and larvae per damaged plant or per 100 plants. This method is 
used for cutworms, rootworms, white grubs, Japanese beetle larvae, Colaspis 
larvae, root aphids, and other root feeding insects. 


Insects in Heads of Combine-Type Grain Sorghum 
Woee. jpoyer 16/ 


Survey Methods Used in Arkansas 





The production of short stalk combine-type grain sorghum is on the in- 
crease in Arkansas. This results in the need for an insect survey method that 
can be used in the field by farmers, county agents, and entomologists. 


a5/ Department of Entomology, University of Illinois, Urbana, ci bien 

14/ Dow Chemical Company, Bio-Products Center, Midland, Mich. 
Department of Entomology, University of Missouri, Columbia, Mo. 
Department of Entomology, University of Arkansas, Fayetteville, Ark. 
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Potential economic damage from several species of insects has been 
‘recognized for many years in Arkansas. Survey to evaluate insect populations 
was by field examination of the heads of the plants, without the use of any 
special equipment. The result was that many insects, especially small 
immature forms, fell to the ground and were not counted because of difficulty 
of recovery. 


Buckley and Burkhardt 17/ demonstrated that corn earworm or bollworm 
(Heliothis zea (Boddie)) could cause severe damage to grain sorghum. This work 
showed the importance of ional ge determining the population and the age of 
the larvae. Laster and Furr referred to the difficulty of recovering 
insects from the heads of sorghum without the use of special equipment. They 
developed a method to use in insecticide tests but the method required cutting 
off the heads of the plants. 


A survey method for determining populations of insects in heads of com- 
bine-type grain sorghum was developed and used in Arkansas in 1965 (Boyer oe 
The method does not require cutting heads off the plants and removing them 
from the field for further examination. 


The method involved the use of the soybean drop sheet as described by 
Boyer and Dumas ey ies) 1967 an improvement was made in the survey method by 
the development of a piece of equipment to replace the soybean drop sheet. 
Insects are counted in the field as was done with the drop sheet. 


A cloth-covered frame (fig. 1) was designed and made to replace the drop 
sheet previously used. Legs attached to the frame are inserted in the sur- 
veyor's belt. The surveyor can work from a standing position or on his knees 
depending on the height of the surveyor and the crop. Soybean heads bent over 
the cloth frame are thoroughly opened, rubbed, and shaken to dislodge the 
insects that are easily caught and counted on the cloth. 


Insect numbers per row foot are more meaningful than numbers per head or 
per 100 heads. Workers in Arkansas prefer the row foot count, and control 
recommendations are being developed on that basis. An example would be four 
bollworms to the row foot in 38- to 40-inch rows and three in 28- to 30-inch 
rows. Some producers in Arkansas are planting in narrow rows. Insect popu- 
lations are determined by examining all the heads on 10 row feet at each of 
four randomly selected sites per field. 


iy, Buckley, B. R., and Burkhardt, C. C. Corn earworm damage and loss in 
grain sorghum. Jour. Econ. Entom. 55(4): 435-439. 1962 

18/ Laster, M. L., and Furr, R. E. A simple technique for recovering 
ete from sorghum heads in insecticide tests. Jour. Econ. Entom. 55(5): 798. 
1962. 

19/ Boyer, W. P. Survey method for. insects in heads of combine-type grain 
sorghum. U.S. Dept. Agr. Coop. Econ. Insect Rpt. 16(23): 531-532. 1966 

20/ Boyer, W. P., and Dumas, B. A. Soybean insect survey as used in 
Arkansas. U.S. Dept. Agr. Coop. Econ. Insect Rpt. 13(6): 91-92. 1963. 


14 





Figure 1.--A cloth-covered frame used in determining insects in heads of 
combine-type grain sorghum: A, Frame showing the legs which 
are inserted in the surveyor's belt as shown in B. 


~ 


This method of survey has been successful in recovering small insects. 
For example, in 1965 by using the drop sheet, recovered bollworm larvae were 
preserved and measured. Various lengths were 0.25 inch, 26 percent;20. 5 aaica, 
32 percent; 0.75 ineh, 25 percent; Peinch> 13 percent; and over 1 inch, 4 
percent. Head capsule measurements to determine instars were not made on all 
larvae. Measurements of most of the larger larvae showed them to be full 
grown. This indicated that larvae of this species in grain sorghum do not 
reach lengths of 1.5 inches or more as they often do in corn and COUtOn. | eid 
1967 the use of the cloth-covered frame proved to be as successful or more so 
than the use of the drop sheet. This would be expected because of handling the 
heads at closer proximity to the cloth. Nymphs of the small important predator 
Orius insidiosus were easily recovered and counted. Even winged adults of this 
species were recovered and counted. Orius nymph counts are believed to be 
accurate. Accuracy of adult Orius counts was not compared with other methods. 


In the case of some grain sorghum hybrids, the bases of some of the heads, 
under certain conditions, do not clear the sheath. This area under the sheath 
is a favorite location for small bollworm larvae and requires special attention 
by the surveyor. In one case, when small larvae were found at the rate of 
13,000 per acre, more than 50 percent were found on the base of the heads under 
the sheath. A study made 2 weeks later showed that the bollworm and other 
species had apparently gained protection from predation in this location. 

Fifty heads that had cleared the sheath and 50 heads that had not--all randomly 
selected--were examined for insects. Results are presented in table 1. These 
data show the importance of checking under the sheaths of this type of sorghum. 


Table 1.--Insects recovered from sorghum heads, 1965 


Fall Sorghum European 
Heads Bollworm armyworm 1/ webworm 2/ Corn borer 3/ 
Number Number Number Number 
50, cleared sheath he 4 i Hi 
50, not cleared sheath 103 46 8 2 





1/ Spodoptera frugiperda (J. E. Smith) 
2/ Celama sorghiella (Riley). 
3/ Ostrinia nubilalis (Hiibner). 
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insectsmintcricering with Corn Pollination 
QO. H. Hammer 2l/ C. HE. White 22/ and L. L. Peters 23/ 


A method was developed for use by survey entomologists to make a reason- 
ably accurate estimate of the damage and corresponding loss to corn caused by 
insects that interfere with the pollination of the ear. Insects involved 
include corn rootworm adults (Diabrotica spp.), grasshoppers, corn earworm 
(Heliothis zea (Boddie)), Japanese beetle (Popillia japonica Newman), and corn 


leaf aphid (Rhopalosiphum maidis (Fitch)). 


Timing of Survey 


This survey can be made in conjunction with the corn rootworm loss survey 
or any time after the silks have dried. 


Selecting the Site 


If the corn rootworm loss survey is made, the same fields can be used for 
this survey. If not, examine at least 20 fields per district and more if time 
permits. Because of crop distribution, the number of fields examined will vary 
and will be at the discretion of the survey entomologist. 


Forms for Recording Field Data 


A standard method of recording the field data, facilitating entry of 
field notes, and transferring data from the field record are desirable. A 
suggested form is given at the end of this article. 


Methods of Survey 


Obtain samples by walking 50 steps into the field from the most accessible 
Point. sit this point, start with the first plant on your right, strip the 
shucks back on the next 25 ears in that row, and examine the ears for lack of 
pollination (kernels failing to set). Record number of ears damaged. On five 
damaged ears, estimate number of kernels present by counting the number of 
kernels on an average row on the ear and multiply by the number of rows on the 
ears and record. (If less than five ears are damaged, examine all ears 
damaged.) Estimate the number of kernels on the five nondamaged ears in the 
same manner and record. 


If the corn rootworm loss survey is being made, go right 10 rows from the 
last sample and take the next 25 ears to obtain a more accurate figure for 
percent ears damaged. Also, record the number of ears damaged while making the 
rootworm survey. Examine total of 25 ears. 


21/ Dow Chemical Company, Bio-Products Center, Midland, Mich. 
22/ Department of Entomology, University of Illinois, Urbana, Ill. 
23/ Department of Entomology, University of Missouri, Columbia, Mo. 


ity 


The losses should be calculated on the district basis. 


Loss Calculation 


Losses for all 


districts are totaled together to obtain the State loss. 


dhe 


Count and record the number of ears damaged and the kernels on five 
damaged and five nondamaged ears in the field. 


Total ears damaged - X 100 equals percent ears damaged. 
Total number ears examined 


Obtain the average number of kernels for damaged and nondamaged ears 
nn eachetield. 


Total the "Average Estimated Kernel Count" columns and divide totals 
by number of fields examined. This equals the average number of 
kernels per damaged and nondamaged ear. 


Average number 
of kernels “per 


damaged. ears X 100 


( 

( 

( percent reduction 
(Average number 

( 

( 


equals 
per damaged ear. 


100 percent minus 


of kernels per 
nondamaged ears 


NZ SY NU 


percent loss all 


P ‘ x (percent reduction) oy 
ercent cars damaged equa’ Fields in district. 


(per damaged ear 


Crop Reporting Service  ) 

total yield for dis- ) (Crop Reporting) bushel 
trict (bushels) ) minus (Service total ) equais loss for 
100 percent minus percent) (yield for dis-) district. 
loss ) (trict (bushels) ) 


Sum total all district losses (bushels) X unit value (dollars per 
bushel) equals total State loss ($). 
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See example given below. Circled numbers refer to corresponding numbers 


in preceding paragraph. Use the sample chart at end of article as an example 
OGeone district. 





Kars damaged @) Average Estimated Kernel Count 
Field No. Percent Damaged ears Nondamaged ears 
al 1 4 4 @ 703 @ 
2 0 O = 649 
Cec. etc. etc. = mi 
20 Bib, jae MO) ot ) __ 16 
20 10 =o BE ecco tad ae alas} a3 ied = 673 


G) 100 percent minus ei te equals 83 percent. 


) 2 percent X 83 percent equals 1.7 percent loss all fields. 
‘@) From Crop Reporting Service for district: 
Average yield per acre equals 50 bushels 


100,000 acres harvested yield for district equals 100,000 X 50 equals 
5 million bushels 


million bushels minus 5 million bushels equals: 86,469 


100 percent minus 1.7 percent 


busnelaloss, tor district. 


Add all district losses together X unit value ($) equals State loss ($). 


see table on following page. 





} 


19 








INSECTS INTERFERING WITH CORN POLLINATION-LOSS SURVEY 
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Forage Legumes 
Alfalfa Caterpillar 


R. F. Smith and W. W. Allen 2h/ 


Sampling Methods as Used in California 


Samples of the larval population of the alfalfa caterpillar (Colias 
eurytheme Boisduval) are taken by sweeps of a standard insect net. The lower 
edge of the net is held 8 to 10 inches into the alfalfa. As the sweeps are 
made, the rim of the net is held perpendicular to the ground. The sweeps are 
made through a half circle from one side of the sweeper to the other. A step 
is taken between each sweep. Normally a circle of the field will be made 
taking one- or two-sweep samples at frequent intervals. All types of growth, 
such as height, variety, color, ridges, between ridges, and "islands," should 
be sampled. Fields or parts of fields that grow more slowly than normal, for 
example those that remain in the one-fourth stage for a long time, should be 
watched carefully. When confirmation counts (check counts made to confirm 
previous predictions) are made, fewer samples, generally at a few specific 
spots, are taken. With experience one can estimate most of the counts. Only 
about every fifth sample is counted. Although some will take much more, 20 
minutes per field is a good average. It is important to realize that slack 
periods occur between broods. Under conditions favorable for the caterpillar, 
a field may go from the oviposition stage to the injurious stage in 10 days or 
less. Routine visits are made to every field each week and such supplementary 
counts as seem necessary are made between visits. 


Economie level of infestation.--The standard by which economic infesta- 
tions are judged is a sliding scale centered around 200 nonparasitized larvae 
per 20 sweeps of the standard net. This "center point" is to be used for 
average conditions, which rarely exist. Other factors, such as growth, stand, 
and period remaining until harvest, must be taken into consideration. For 
example, this center point is too low for a dense vigorously growing alfalfa 
field and for infestations developing during cool weather. 


Factors favoring damage.--The development of an economic population is 
favored by (a) large flights of adults when the alfalfa is short, (b) few 
short fields in the vicinity at time of flight, (c) slow or uneven growth to 


alfalfa, (d) insufficient parasites to reduce the population below the economic 
level, and (e) hot, dry weather. 


2h/ Department of Entomology and Parasitology, University of California, 
Berkeley, Calif. 
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Alfalfa Weevil aby 
C. C. Blickenstaff 26/ 


The numbers of eggs of the alfalfa weevil (Hypera postica (Gyllenha1 ) ) 
present are not often reported because eggs are difficult to find and to con- 
duct an adequate survey is very time consuming. Surveying for numbers of 
pupae entails the same problems. Activities of the adults are so greatly 
influenced by temperature and sunlight that sweep counts of the adults for 
comparative abundance are almost meaningless. Therefore, numerical reporting 
of these stages should not be attempted in general survey work. 


The larval stages are relatively immobile, are concentrated in plant tips, 
and are in a stable stage for sampling. Hence, the larvae are easily swept 
and are the most readily available. Plant damage, easily detected and readily 
estimated in terms of percentage of foliage eaten, is of immediate use. Use of 
larval stages in plant tips and plant damage is recommended in all survey work 
with supporting observations of the presence and development of eggs, larvae, 
pupae, and adults. 


Since timing control measures is often based on the percentage of tips 
infested, this information should be recorded during the early surveys. Plant 
height early in the season and stage of development late in the season, such 
as early bud and full bloom, should be recorded. For plant height, marks on 
the net handle are handy. 


The recommended sampling procedures that follow are not based upon statis- 
tical evidence of adequacy. Until such data are available, we can only suggest 
procedures that, in our opinion and experience, would improve the current situ- 
ation and at least allow for uniformity. 


Supplemented by advice from extension entomologists at the University of 
Maryland, we recommend the reporting units and sampling procedures be as 
follows’: 


1. Percentage of tips infested (early in the season).--Examine 50 tips 
per field, taking five samples of 10 tips each. 


2. Number of larvae per sweep.--Take 10 sweeps per sample and up to five 
samples per field with a minimum of three, depending upon severity of infesta- 
tion and differences among counts. In surveygng for new infestations to 
establish the presence or absence of larvae, use at least 100 Sweeps per fier 
in units of 10 sweeps. 


3. Plant height in inches, and stage of development (early bud, midbloom, 
full bloom, stubble). 


25/ Adapted from Blickenstaff, C. C. Standard survey procedures for the 
alfalfa weevil. Ent. Soc. Amer. Ann. Bul. 12(1): 29-30721966- 

26/ Grain and Forage Insects Research Branch, Entomology Research Division, 
Agricultural Research Service, USDA, Bozeman, Mont. 
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4, Percentage of foliage eaten.--Estimate by visual observation at 
location of each sweep sample. Use increments of 10 percent; if foliage eaten 
is less than 10 percent, use smaller increments of 2, 4, 6, and 8 percent. 


5. Whether treated with insecticide or not. 


6. Descriptive statements on presence and abundance of eggs, pupae, and 
adults. 


More information would be gained by surveying the same series of fields 
repeatedly throughout the season than by substituting new or different fields 
exciweime.) [bis important, however, that representative fields be chosen to 
start with. The number of fields on which averages are based should always be 
given. 


We also recommend that the sweeping method be standardized as much as 
possible. The following suggestions are submitted to aid in attaining this 
goal: 


Woeewiete 15-inch diameter, opening. 
Ommeoweep : 160° arc. 


This type of survey would allow the following to be determined: 


ee liming OL spring treatments. 

©. Relative abundance of larvae from year to year and among areas 
affected. 

3. Larval buildup and decline, and time and duration of damaging 
populations. | 

4h, Development of larvae in relation to that of host plant. 

5. General record of life history. 

6. General effectiveness of controls. 

7. Rough estimates of damage. 


Clover Aphid 


Carl Johansen ey 


The following sampling method for clover aphid (Nearctaphis bakeri 
(Cowen)) was developed for work in red clover fields in Washington State. 


Marly imethe season (up until about July 1 in the Columbia basin Of 
Washington), the aphids will be found under the Soipules; later, ~uney will be 
under the bracts of the heads; still later, they will be throughout the heads 
and on the stems and foliage in heavy infestations. Ten-stipule or 10-head 
samples (depending upon seasonal development ) are taken at random from five 
areas of the field--the four sides and the middle. Sometimes only the margins 
of the field are sampled, because these areas become infested first. 


a Department of Entomology, Washington State University, Pullman, Wash. 
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With colonies of 25 aphids or less per stipule or head, actual counts 
are taken. When populations become high, the aphids are estimated in 5's or 
10's. Such estimating can be done with good results if the stipules or heads 
are opened up and turned slowly while they are being counted. Individual 
heavily infested heads can be torn apart and the aphids counted as a check on 
the accuracy of estimations. 


The figures for light, medium, and heavy clover aphid infestations in red 


clover grown for seed in Washington are dependent upon the time of hay cutting 
(cab lems). 


Table 1.--Number of clover aphids per 10 heads or stipules, Washington State 





Degree of 

infestation Weeks after hay cutting 

a Ba i 5 
Light OFtCR> Orto 10 OStOrLS Omtoa5O OutorESO 
Medium 10 to 25 15 to 50 CORtCRLOG 60 to 250 200 tong 50 


Heavy 25 V2 200 500 1,000 


The aphids are moving from the stipules to the heads during the fourth 
and fifth weeks after hay cutting. Starting in 1959, a treatment was recom- 
mended in this State during the fourth and fifth weeks after cutting, if a 
medium infestation was present. Because this level of infestation causes a 
reduction in yield, early treatment was found effective. 


Pea Aphid 


For survey of pea aphid, see Vegetable Insects, Peas and Beans, Pea 
Aphid by W. C. Cook on page 102. 











Spotted Alfalfa Aphid 


M. W. Nielson 28/ 


Habits 


The spotted alfalfa aphid (Therioaphis maculata (Buckton)) prefers to 
feed on the underside of alfalfa leaves near the base of the plant. As the 
population increases, the insect will feed on stems and eventually work 
upward as the lower leaves are killed. The aphid will drop off the leaves 
when disturbed. Copious amounts of honeydew are produced by the aphid. When 
the plants are being killed, thus restricting food supply, the aphid will pro- 
duce winged forms that migrate to other more attractive alfalfa fields. In 
the Southwest, reproduction is exclusively by parthenogenesis. Sexual forms 
are produced in the colder climates where the aphid overwinters in the egg 
stage. 


Seasonal Abundance 


In Arizona three distinct population peaks occur. Sometimes a fourth peak 
takes place in January. Usually the main population peaks occur in Aprils 
July, and October. Surveys and population counts should be taken just before 
the period when these population peaks are likely to occur. 


Sampling 


Sampling alfalfa fields with a sweepnet is useful only to determine the 
Presence of the spotted alfalfa aphid in alfalfa. A simple, practical, and 
accurate method of estimating populations in the field is by the leaf-count 
system. Aphids are counted on three trifoliolate leaves, each selected at 
random from the top, middle, and bottom of plants. These subsamples should be 
repeated 10 times at random intervals of 20 to 50 walking steps diagonally 
across the field. Thirty trifoliolate leaves will thus represent the total 
sample from one field. Care should be taken during sampling to minimize dis- 
turbance and subsequent loss of aphids dropping from the leaves. To avoid 
loss, the leaf petiole is grasped by the thumb and forefinger and slowly turned 
until the entire underside of the leaf is clearly visible. 


Resistant alfalfa varieties are recommended for control of the spotted 
alfalfa aphid. However, aphids will occasionally build up on seedlings of some 
‘resistant varieties. Treatment with recommended insecticides is necessary on 
all varieties when the aphid population reaches an average of one per seedling 
in seedling fields or five per trifoliolate leaf in older stands. One seedling 
is equivalent to a sample of one trifoliolate leaf of older plants. ‘Thus, 30 
seedlings should be included in the sample for alfalfa fields in the seedling 
stage. An alfalfa seedling is defined as that stage of the plant between the 
appearance of the unifoliate and the first trifoliolate leaves. 


28 / Grain and Forage Insects Research Branch, Entomology Research Division, 
ARS, USDA, Mesa, Ariz. 
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Ladino Clover Seed Midge 


PM aEre deo une oi 


Serious losses to Ladino clover seed production in Oregon have resulted 
from attacks by the Ladino clover seed midge (Dasineura gentneri Pritchard). 
Although the species was described in 1953, its distribution was still limited 
in 1967. The detecting of infestations is, therefore, of concern wherever 
Ladino clover is grown for seed. White and alsike clovers may also be infested 
by the insect. 


In new clover fields, infestations build up gradually and may not reach a 
peak until the second year of seed production. The'presence of midge cocoons 
on the soil surface under vegetation and debris is a valuable indicator of 
infestation past or present. Even the empty cocoons or their recognizable 
fragments may be in evidence for a year or two after the adults have left them. 
While adults or immature stages of this insect infesting clover are present 
only at certain times of the year, the cocoons accumulate in infestedsiaeiGee 
The cocoons always will be sufficiently abundant to be found readily in fields 
that have at any time within the previous 2 or 3 years carried infestations of 
economic intensity. The use of cocoons to indicate an infestation makes pos-= 
sible the inspection of fields for infestation at any time of the year when 
the ground is not frozen or covered with snow. However, this method will often 
fail to reveal extremely light infestations such as those occurring injnew 
clover plantings or those in heavily pastured clover. 


The cocoons are oblong, light gray to white, slightly under 1/16-inch 
wide, and only slightly longer. Though small, their light color makes them 
easily visible. They occur in greatest numbers in depressions in the ground 
where compacted vegetation trash has accumulated. Usually they are most 
abundant in the shallow irrigation trenches known as "corrugations," especially 
in older fields where protective layers of well-compacted trash have had time 
to accumulate. 


Detection of infestations in clover fields by sweeping with a net for the 
adults is rapid and convenient but the method has certain limitations . aii. 
adults are taken in the net, it may mean that (1) there is no infestation, (2) 
the infestation is not in the adult stage, or (3) conditions are such that the 
net is not catching the adults when present. The first emergence of adults 
from overwintering cocoons coincides closely with the appearance of bloom on 
the rclovers. 


In central Oregon, from early June until the seed crop is harvested in 
early September, three broods of adults appear each about a month apart. 
Emergence of each brood requires'roughly 2 weeks. The emergence periods are 
separated by an interval of approximately 2 weeks during which few or no adults 
are present in the fields. Sweeps taken during these intervals may give a 


29/ Retired, formerly with Entomology Research Division, ARS, USDA, Forest 
Grove, Ores’. 
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negative indication, even where heavy infestations exist. Wind causes adults 
to go deep into the vegetation for shelter. Net sweeps on windy days, 
especially in deep vegetation, may give negative results. This is likely to 
be the case when moderate to low adult populations are present. Adults are 


most abundant on the upper surfaces of the plants around midday when the sun 
is highest. 


In sweeps repeated at intervals throughout the day in a single field, 
those taken during the midday (11 a.m. to 1 p.m.) yielded approximately four 
times as many midges as sweeps made in the early morning (8 to 9) or late 
afternoon (4 to 5). Therefore, light infestations are most likely to show up 
if the sweeps are taken during the midday period. 


The most reliable method of detecting Ladino clover seed midge infesta- 
tions is to find the larvae in the clover heads. By picking heads in which 
one-third to three-fourths of the florets have turned down and are becoming 
brown, one can be assured that any mature larvae present will begin dropping 
out in a day or two. If the heads are placed in transparent cellophane bags, 
they can be kept fresh for several days; when the orange-colored larvae 
emerge, they can be seen through the bags. It is best to leave several inches 
of stem on the heads. ‘Then, if the heads are placed in the bags stems down, 
the emerging larvae will fall free of the heads to the bottom of the bags. 
Otherwise, in their attempt to hide, the larvae may crawl back into the heads 
to spin their cocoons and not_be detected. If the clover heads are to be 
taken. to the laboratory, the bags are handy for keeping them fresh in transit. 


In the laboratory the clover stems are put in bottles of water, with the 
heads leaning free of the bottle mouths. Bottles containing the clover are 
then set in pans into which the emerging larvae drop and accumulate. By this 
method the clover heads can be kept fresh enough at room temperature to obtain 
daily larval emergence counts for 10 to 12 consecutive days. The pans can be 
checked at any convenient time, even days after they are set up. This method 
will reveal infestations too light to be evident by any of the other methods 
discussed. 


ef 


lygus Bugs 


pn. F. smith 30/, 5. w. owitt 3Y/, c. 2. smith 22/, and Ww. W. Middlekeurr 33/ 


Survey Methods Used in California 


On alfalfa seed.--Alfalfa grown in California for seed is treated for 
lygus control only when the lygus bug population justifies treatment. The 
treatment level will vary with the growth stage of the alfalfa. The treatment 
levels are the numbers that indicate the proper time of insecticide appli- 
cations and are not, necessarily, the population density at which economic 
damage occurs. Treatments are made at these levels to avoid later populations 
that may cause economic damage. 


Lygus counts are based on two-sweep counts taken with a standard net at 
10 to 20 stations over a field. At least three, two-sweep counts are made at 
each station. The margins of the field, spots with heavy growth, and other 
areas of the field may have a significantly higher count than the remainder of 
the field. In general; all counts in a field” are averaged’ and et treatnencess 
based on this average population. Occasionally, it is practical to treat only 
PALS Ola tela 


Alfalfa in the early bloom stage is treated when the lygus bug count 
reaches oné insect per sweep. During the period of seed set, thestields vere 
treated when the count of lygus bugs reaches six per sweep. Counts are 
determined by doubling the nymph count and adding it to the adult count. -For 
example, two adults and two nymphs per sweep equal a count of six; four adults 
and. one nymph also) equal a count of six; and similarly, three nymphs) Ormci 
adults equal a count of six. If lygus bugs have been kept under control during 
the period of seed set, there is seldom any need for treating the maturing 
field. However, if the pests appear to be unusually abundant, the count for 
treatment is 10 per sweep, determined in the same manner as described above. 


On cotton OH ene re bugs are particularly attracted to succulent or 
rank-growing cotton. Sweeps in cotton are made through the tops of one row. 
An average total of 10 lygus bugs per 50 such sweeps is the minimum injurious 
number. Hach nymph is counted as two and each adult as one. The presence of 
nymphs indicates a more advanced and serious infestation. This is for average 
conditions. A lower population that is maintained for a long period of time 
may possibly cause economic damage. However, in most years the populations do 
not hold steadily at one level. 


30/ Department of Entomology and Parasitology, University of California 
Perkeley., (\Caiia, 

31/ Agricultural Extension Service, University of California, Berkeley, 
Calif. 

32/ Retired, formerly with University of California, Berkeley, Calif. 

33/ College of Agricultural Science, University of California, Berkeley, 
Calif. 

3h/ See also Cotton Insects section on lygus Bugs or Other Mirids, 
page 48. 
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On blackeye beans or cowpeas.--A favored oviposition site of lygus bugs 


infesting blackeye beans or cowpeas is in the developing pod. Such spots are 
commonly seen as small depressions with the cap of the ege forming the bottom. 
As the season progresses so does the number of hymphie. solt-is not unusual 0 
find fields in which there are more nymphs than adults. In lygus-infested 
blackeye bean fields, it is possible to show a correlation between populations 
and the amount of injury at harvesttime. These fields are sampled by means of 
a standard 15-inch net. A sweep across two rows of beans constitutes one 
sweep, and five such sweeps are made at each of 10 stations in the field. The 
total number of adults and nymphs is recorded separately for each series of 
five sweeps. A population averaging 50 or more lygus bugs per sweep is suffi- 
client to cause considerable damage, especially if lygus bugs are present when 
beans are in a susceptible stage. A population this heavy can be tolerated 
until late-bloom and early pod stage when the beans should be treated. 


Studies have made possible the following generalities concerning abundance 
and resulting seed injury. A population averaging O to 10 lygus bugs per 50 
sweeps persisting from early pod stage to harvesttime will result in from 0.4 
fee. percent oO! beans with injury. A population of from 15 to 20 will cause 
ee omuens-O percent seed injury, from 40 to 50 lyeus bugs will cause 6.0 to 12.0 
percent injury, and 60 lygus bugs or more per 50 sweeps will cause 15 percent 
Sreniore or seed injury. 


Spittlebugs 
a, Eee ee) 


purvey Methods in Illinois 


With an increase in spittlebug infestations up to economic levels in 
ie NGteeeaneauLcmou.gtO predict the potential populations that might occur on 
Jégume crops in the spring was considered desirable. Based on bidlogical data 
Poon UloOugndsineld experience in Illinois, a survey technique for this. purpose 
was developed in Illinois for use in 1951 and 1952. On the basis of data 
Obtained in an adult spittlebug survey in the fall, probable damage ratings 
were determined for the following spring. 


in late August or early September after the adult spittlebug populations 
became fairly stable (determined by regular sampling of a few fields), 30 
counties were surveyed in Illinois to determine adult populations. Ten fields 


were selected at random in each county. Ten individual sweeps (standard 15- 
inch net with ete sweep ) were made in each field and each recorded separately 


on a special form. (See following page). The condition of the field and other 
pertinent data were also recorded. Based on the average number of adult 
SCiculepues perm sweep in each county, predictions were made for the areas most 
PrRelyecvo be subjected to economic losses the following spring. 


35 / Department of Entomology, University of Illinois, Urbana, Ill. 
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By assuming that for each adult spittlebug per sweep there likely would 
be one-fourth to one-half spittlebug nymph per stem the following spring 
(Ohio's results), estimates were made of the acreage of new stands worthy of 
treatment. Treatment was recommended on first-year hay crop fields in those 
areas where an average of one-half or more nymphs per stem was anticipated. 

As a followup in late May, nymph counts were made on a 100-stem sample in many 
of the fall-survey fields and observers found that for county averages the pre- 
dicted and actual numbers of nymphs per 100 stems were substantially the same. 


This survey method gives actual figures upon which to base and check pre=- 
dictions. By this method it is possible to obtain a quantitative cross section 
of populations in old and new fields and in fields of various mixturessom 
grasses and legumes, mixed legumes, and straight stands of legumes. 


Spittlebug Survey 


















































Fali. Date . County : 

Crop A Reale, New. 

Condition: Goods Fair. oor. Height inches. Clipped. Unelipped: 

Location: N- re KB. 8 W. Side of Rt. : miles N. S. EH. W. 

of : 
Miles NwRS whe We er . 

Adults per sweep: Jl. ee He 8h cae re SN: 6. : 

ie ak, 9. FLO. . Average : 

Spittlebug masses observed - Yes. No. 

Spring. Date 3 

Infestation per 10 svems. 77a. ioe Cee eo. b. Ppa 8; 

on eae De 5 eee ek, Cuma’ re 

Teo Bes De [Sle Eye De Ora a 

Oise <¥e Loh Total a b é 


a=Infested plants. 
b=Number of nymphs. 
Adults observed. Yes. No. 


Notes: 


i 
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Sweetclover Weevil 
Can. Mans l3t2 36/. 


Adults of the sweetclover weevil (Sitona cylindricollis Fahraeus) are 
quite difficult to detect, even when present in great numbers. Further, unless 
the time of day, character of day, and season of the year are considered, num- 
bers collected by the sweep method are meaningless. Thus, the characteristic 
half-moon notches cut into the margins of the leaves are the best indication 
of damaging populations. When 50 percent of the foliage in new seedings is 
destroyed, controls are recommended. The weevil rarely destroys older, estab- 
lished stands. 


Small Grains 


Armyworm 


Pe eecn perso, evaiy ¥. Coodtelloy =°/ 
Methods Used in North Dakota 


Watch for armyworm (Pseudaletia unipuncta (Haworth)) infestations during 
wet seasons. Early infestations usually will be restricted to grassy areas 
and in lodged grain. When small, the larvae are usually curled up and on the 
ground. They feed during late afternoon, night, and early morning. Injury 
Consists of leaf stripping and head clipping. 


In surveying for armyworms, first check the field margins and lodged 
areas. Jf the pests are present, then move into the standing grain. Whenever 
larval counts reach three to four per linear foot or 6 to 8 per square foot in 
miemimelcd,e 1 doeCulcidal control is recommended. There are exceptions, however. 
Pececec( Ole oc nearly Mature and there is no evidence of head clipping, control 
Pemioceaivised. Also, if the larvae are all about 2 inches long, insecticidal 
Gontrol is not advised as most of these larvae are through feeding and they 
Will pupate very shortly. At.50-pace intervals 10 to 20 counts will provide a 
g00d estimate of the infestation. 


36/ Department of Entomology, University of Nebraska, Lincoln, Nebr. 

37/ Department of Entomology, College of Agriculture, North Dakota State 
University of Agriculture and Applied Science, Fargo, N. Dak. 

36/ Crop Quality Council, Minneapolis, Minn. 


5. 


Barley Thrips 


W. J. Colberg A and Vee V.. Goodfellow ho/ 


Methods Used in North Dakota 


Look for adult barley thrips (Limothrips denticornis (Haliday)) within the 
terminal leaf sheath of barley when the plant is in the boot stage and before 
barley heads. 


Control of barley thrips is advised when the adult population averages 
two or more per stem, when the heads are just beginning to emerge, and before 
the crop is fully headed. To obtain an accurate count, check several stems 
throughout the field. If numerous nymphs are present at the time of survey, 
eontrol is probably too late to advise. 


Chinch bug 
GC. W. phockiey aay 


Surveys to determine populations of hibernating chinch bug (Blissus 
leucopterus (Say)) are conducted during November and December in areas sus- 
pected) of harboring initestations. Overwintering occurs imeseveralespec. . 
of bunch grasses, including little bluestem, big bluestem, and broomsedge. 
Five samples of bunch grass are collected at widely separated points in each 
county surveyed. Hach sample consists of a bunch of erass, includinas me 
crown, from 3.5 to 4.5 inches in diameter that is cut from the sod clump with 
a tilling spade. After trimming, the sample is placed in a double paper bag 
on which the location, date, and sother pertinenu déetarlevareivecorded.man.,) 
examining samples of the grass clumps in the laboratory, hibernating bugs are 
detected and the abundance determined. As counts are made, the number of bugs 
in the sample as.converted to a number per square foouland raved accord ia. 
the following : 


Number of bugs 


Classification per square foot Rating 
Noneconomic Cire, 250 il. 
Light 290 VO. 500 2 
Moderate 5OO LO: 1,000 3 
Severe 1,000: t072,000 iF 
Very severe 2,000 or more 5 


39/ Department of Entomology, College of Agriculture, North Dakota State 
University of Agriculture and Applied Science, Fargo, N. Dak. 

4o/ Crop Quality Council, Minneapolis, Minn. 

4i/ Plant Pest Control Division, ARS, USDA, Oakland, Calif. 
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A rating is assigned to each county based on stop ratings and percentage 
of land under cultivation in the county. The greater the percentage of culti- 
vated land the less protective cover available for hibernation and, conse- 
quently, a reduced population in comparison to crops that may be attacked, 


Information obtained from these surveys provides a basis for preliminary 
estimate of control needs and a record of hibernating populations. However, 
weather conditions the following spring determine the severity of infestations. 


Grain Aphids 
W. J. Colberg ney, and V. V. Goodfellow 43/ 


Methods Used in North Dakota 


Greenbug (Schizaphis graminum (Rondani)), English grain aphid (Macrosiphum 
avenae (Fabricius)), and corn leaf aphid (Rhopalosiphum maidis (Fitch)) are the 
principal species of grain aphids in North Dakota. Greenbug, definitely the 
most injurious species, seldom becomes economically important in North Dakota. 
inglish grain aphid starts building up on the leaves; later in the season this 
Species moves into the heads of grain. Corn ‘leaf aphid may build up quickly; 
however, the infestations are seldom economically important except possibly in 
extremely late-seeded crops. 


In surveying for aphids, make several counts throughout the field. Too 
frequently, farmers become alarmed after checking a few plants along the mar- 
gins where populations are high. Counts should be at least 50 paces apart, 
and observations should be made well into the center of the field. Start 
counts from at least two sides of the field. 


Aeracings for the infestation is as follows: 


Number of aphids 


Classification Dell eneane LOOu 
Noneconomic PS ill) 
Light econo 
Threatening Sie sO 1100 
severe 1O1s GO. 300 
Very severe Above 300 


Insecticidal control is advised whenever the greenbug infestation 
approaches the category of light to threatening. For English grain aphid and 
corn leaf aphid, the infestation should approach the severe category before 
insecticidal control is recommended. When the English grain aphid moves into 


4o/ Department of Entomology, College of Agriculture, North Dakota State 
University of Agriculture and Applied Science, Fargo, N. Dak. 


43/ Crop Quality Council, Minneapolis, Minn. 
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the heads of grain, several hundred heads of grain should be examined through- 
out the field. If the average infestation per head is 25 to 30 aphids, control 
is advised, especially if the crop is late and populations of predators and 
parasites are low. 





Winged viviparous female, oviparous female and antenna of greenbug 


Greenbug 


R. G. Dahms Ey, 


Survey Methods Used in Texas, New Mexico, Oklahoma, and Kansas 


Two surveys for greenbug (Schizaphis graminum (Rondani)) are usually made 
each year--(1) in November to determine the fall infestation and (2) the latter 


part of February or early March to determine winter survival and the potential 
infestation present. 


Where large, small grain acreages are present, at least five fields are 
examined in each county. Fields selected should be at least 5 miles and pref- 
erably not more than 15 miles apart. In the November survey, an effort is made 
to select early emerged fields or fields containing volunteer plants. The 
exact location of the field is recorded, together with any pertinent notes on 
crop status and development. Five samples are examined about midway along the 
edge of the field. Each sample area is 25 steps apart as illustrated below: 


25 steps 25 steps 








* 
Sample 5 * Sample 4 


A small grainfield 
le 3 


Road 








* 
e 
25 steps Z 25 steps 





25 steps Sample 1 25 steps 
* * Sample 2 





Yly/ Grain and Forage Research Branch, Entomology Research Division, ARS, 
USDA, Beltsville, Md. 
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Hach sample consists of 1 linear foot of drill row. If the infestation 
is light (50 or less greenbugs per linear Loot); an exact count is made. How- 
ever, if the infestation is heavy, an estimate of. the number per linear foot 
is made. If the heavy infestation appears to be uniform, the estimate is made 
by counting the number on one plant and multiplying it by the number of plants 
in the 1-foot sample. A numerical rating of 0 to 5 is given each sample as 
follows: 


Number of greenbugs 


Rating Classification per linear foou 
O None 0 
“ls Noneconomic i Revere oe 
2 Light Peco 50 
3 Threatening 51m to 4100 
Severe Oi c05300 
a Very severe Above 300 


The average numerical rating for the five samples is entered in the survey 
data report. ‘The prevalence of parasites and predators is recorded in the re- 
marks column of the survey data sheet. 


Hessian Fly 
Ra LL.) Gallun 45/ 


Annual surveys to determine the distribution and population density of 
Hessian fly (Mayetiola destructor (Say)) races are conducted near harvesttime 
in winter wheatfields. One sample taken from a field consists of 100 or more 
stems collected at random from different parts of the field. The date col- 
tected, grower's name, location, and wheat variety are recorded for each 
sample. Since examinations are usually made at a field laboratory, the sam- 
ples, wie collected, should be placed in individual paper bags or tied with 
Pamemwire wonectring sndsstored in a cool, dry place.. Samples from certified 
wheatfields are preferred, because these fields are distributed throughout the 
State and give a better representation of samples from a particular area. A 
County, an assembly of counties, or an area is rated on the average infestation 
recorded from the samples examined as follows; 


Average percent Infestation 
of infestation rating 
ee Low 
Sky GAs) Moderate 
2 (2 eOr more Heavy 


L5/ Department of Entomology, Purdue University, Lafayette, Ind. 
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Insects Found in Small Grain Fields 


C. H. White Hef Domi Fevers Hig and O. H. Hammer 48/ 


The principal method used in small grain insect surveys is the linear foot 
of drill row -in drilled grain or the square foot in broadcast grain fieide. 
However, sweeps, head counts, stem counts, and leaf counts also can be used. 


The Linear-Foot Method 


Very carefully examine 1 linear foot of row av Tive diiferenusplacecm cd 
the field and count all insects found. Pull the trash away from the base of 
the plants to find certain larvae hiding in) the trash or@om the srcundeundec 
the trash. Report the number of insects per 100 linear feet, except aphids and 
chinch bugs that are reported as the number per 1 linear foot. The linear-foot 
method is used for armyworms, cutworms, wireworms (by searching in fobs 
aphids, chinch bugs, mites, and predatory insects. 


The Square-Foot Method 


This method is the same as the linear-foot method except a square foot is 
used instead of a linear foot. Use only where grain is broadcast or badly 
lodged. Report per square foot. 


The Sweep Method 


Sweeps are made in the same manner as those described for clover, alfalfa, 
and grass insects. In grain this method can be used after grain reaches a 
height of 4 to 5 inches for aphids, very small armyworms, and predatory insects. 


The Head Count Method 


Count the insects on 10 to 25 heads selected at random. Report the number 
per 100 heads. The head count method is used for aphids, especially the 
English grain aphid, and in grain sorghum for lepidopterous larvae and sorghum 
midge. 


The Leaf Count 


Perhaps in extremely high populations of mites, aphids, or thrips 
determining the population by counting the number on 10 to 25 randomly selected 
leaves and reporting the number per 100 leaves may be more satisfactory than 
determining the number per linear foot. 


L6/ Department of Entomology, University of Illinois, Urbana Lise 
{/ Department of Entomology, University of Missouri, Columbia, Mo. 
48/ Dow Chemical Company, Bio-Products Center, Midland, Mich. 
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The Stem Count 


Count all the insects or damage found on or in individual stems. Examine 
total of 10 to 100 stems. Examine under the leaf sheaths as well as other 
parts of the stem. Do not examine all the stems in one spot but examine a 
group of 2, 5, or 10 stems, then move to another spot at least 25 steps away 
and examine another group. This method is used for Hessian fly larvae and 
puparia, wheat stem sawfly, wheat stem maggot, and wheat jointworm. In the 
wheat jointworm, count "points" rather than worms. Report the number of 
insects per 100 stems and the percent of stems infested. 


Rice Stink Bug 


Glyn Odglen ye DoH Rolston 20/;, Grover C. Dowell Bu/ and W. P. Boyer 52/ 


Survey Methods Used in Arkansas 


The sweep net may be used to collect rice stink bug (Oebalus pugnax 
(Fabricius)) to determine numbers present and seasonal development. ‘The devel- 
opment of this species within a ricefield is associated with the presence of 
barnyard grass (Echinochloa crusgalli) on which the bugs feed before heading of 
the rice. As the rice heads develop, dispersal of bugs to rice occurs; how- 
€ver, feeding may continue on barnyard grass. Because of this, the sweep net 
method has disadvantages as the growing season develops. One disadvantage is 
that the sweep net, which collects bugs from both the rice and the grass, may 
nou give a true picture of the bug population actually feeding on rice. 

Another disadvantage is the surveyor's difficulty in walking through the tall 
Planes and the flooded fields. Wield coverage is difficult because some bugs 
tly ahead of the surveyor when they are disturbed. 


The methods adopted in Arkansas are the use of 6 X 30 binoculars and 
"eyeballing." The surveyor walks the levees to obtain field coverage. At 
least 10 stops for observations are made in each field. At each stop the sur- 
veyor focuses the binoculars on 10 heads of rice located at sufficient distance 
so that the bugs have not been disturbed and counts the bugs seen. While 
looking at the same 10 heads, the surveyor moves a few steps to change the 
angle of observation, enabling him to see bugs that may have been hidden from 
view at the first stop. In the "eyeballing' method the same procedure is 
followed. To keep his vision on the same 10 heads of rice while counting, the 
surveyor holds out his hand and uses it as a focusing point. With this method 
bugs can be seen at a sufficient distance so that the surveyor will not disturb 
them from the vantage point on the levee; however, the use of binoculars is 
preferred. Counts are recorded in terms of bugs per 100 heads of rice. 


hg/ Formerly graduate student, Department of Entomology, University of 
Arkansas, Fayetteville. Current address: R.F.D. #2, Newport, Ark. 
50/ Department of Entomology, Louisiana State University, Baton Rouge, La. 


51/ Monsanto Company, St. Louis, Mo. 
52e/ Department of Entomology, University of Arkansas, Fayetteville, Ark. 
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Rice Weevil 
W. A. Douglas 23/ 


A system for evaluating hybrids or varieties of corn for rice weevil 
(Sitophilus oryzae (Linneaus)) resistance or susceptibility has been worked 
out by a group of entomologists as given below. 


Both percent of ears infested and the degree of infestation of those ears 
are considered, with the resulting figure representing percent kernel infesta- 
tion for the hybrid or field. 


Procedure in field: 
@ Separate infested ears from clean ears, based on weevil 
emergence holes and larval feeding signs; record total 


number of ears and number of infested ears. 


@ By gross examination, give pile of infested ears a grade 
according to degree of infestation. 


Percent of 


Grade kernels infested 
H's ane 5 
2 Pye — 1S 
3 LDS COM LO 
ye LOutor a0 
Ss HOPTO 100 


@ lake field samples of grain for moisture content and include 
with rice-weevil infestation data, 


Procedure LaeOrnhice 


@ Calculate percent of ears infested, each replicate; calculate 
average, all replications (column 1 in sample below). 


@ Calculate degree of infestation by averaging grades for 
hybrid, all replications (column 2 in sample). 


@ Using table 1, determine degree of infestation represented 
by average of grades (column 3 in sample). 


@ Multiply column 1 by column 3 in sample below to get percent 
of kernels infested for hybrid--final column }. 


53/ Grain and Forage Insects Research Branch, Entomology Research Division, 
ARS, USDA, State College, Miss. 
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Sample for calculating the degree of infestation: 
Colum 1 Column 2 Column 3 Column 4 


Final rating. 


Average percent Average Percent of weevils Percent of 
Hybrid ears infested grade in infested ears infested kernels 
D-18 20 (ea fe aes 20 


Romie co,c2, 14,21 -- Avs = 20 
Wee, ese - Av. = 2.2 
2.2 in table = 13.0 


Porx 3.5 2.6 


Table 1. Data for determining degree of weevil infestation represented 
by average of grades: 


Average Percent infestation Average Percent infestation 
of grade infested ears of grade infested ears 
Oe 19.0 
0.2 eaulipa @) 
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Wheat Stem Sawfly 
ih. Ge Davis a4/ 


Wheat stem sawfly (Cephus cinctus Norton) surveys are conducted at the 
conclusion of harvest in wheatfields in the northern Great Plains area. The 
survey is made of the overwintering larval population by examining two samples 
in each of 10 well-distributed fields in each county. One sample is taken near 
the margin of the field within the first few drill rows and. the other, at 
approximately the center of the field. At each sample location, 50 consecutive 
wheat stems of a drill row are examined for stubs cut off by the sawifly. The 
total number of these sawfly stubs found in the two samples is recorded as the 
percentage of infestation for the field. 


Upon completion of the survey, the fields are placed into one of four 
classifications based on their percentage of, infestation as follows; 


Classification Percent of Stems Infested 
Light Traces tom.) 
Moderate Cmcomeel 
Heavy COR TOmmSS 
Severe HOStO 100 


A map of the infestation is prepared by locating each classified field on 
amap of the surveyed region and delimiting the areas of different population 
abundance. he information obtained from the survey provides a basis for 
determining the extent of the infestation, for making certain data available, 
and for assisting in an appraisal of the wheat loss caused by the sawfly. 


Diversified Crops 
Cutworms 
W. J. Colberg 22 and V. V. Goodfellow 56/ 
Methods Used in North Dakota 
Several species of cutworms infest crops. Many feed above ground, others 


feed below the soil surface. The need for control is based primarily upon crop 
injury because no easy method can determine economic infestations. 








5u/ Retired, formerly with Grain and Forage Insects Research Branch, 
Entomology Research Division, ARS, USDA. 

Department of Entomology, College of Agriculture, North Dakota State 
University of Agriculture and Applied eclences Farco,si bake 

56/ Crop Quality Council, Minneapolis, Minn. 
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One survey method used far cutworms in North Dakota is to place several 
piles of straw, hay, and such in the area where cutworms are suspected. After 
a few days, lift the piles and cheék for the larvae. If several cutworms are 
found under each pile, the infestation would be considered threatening and 
control would-be advisable. 


This sampling method does not work for the species that feed underground. 
About the only method of checking on these would be to dig along the row and 
count the number of larvae per foot in the row. One or more cutworms per 
linear foot would be considered serious. 


Grasshoppers 


Plane: ces Control Division 
Agricultural Research Service 


Adult Survey 


soon after grasshoppers have dispersed from nymphal concentrations and 
have reached the adult stage all infested areas should be surveyed. This 
survey should be timed to coincide with peak populations, enabling completion 
of the survey before appreciable decline in grasshopper numbers occurs. 


Known infestations and new infestations should be classified or mapped 
according to the table below. hight or more grasshoppers per square yard are 
Pconomicyeseven or fewer noneconomic. 


Rating table 
grasshopper adult infestations 












No. of adults 
per square yard 
suggested 
map 
color 





Field i Margin 2/ 





0 to 2 5 to 10 White 
3to7 11 to 20 Green 
8 or more 21 and above Red 





1/ Field stop ratings are to be used for both rangeland andsztield crop 


stops. 
2) For obvious reasons, there will be no margin rating for rangeland stops. 


Tal 


Evaluation of Adult Populations 


To obtain an estimate of the number of adult grasshoppers per square yard, 
& system of multiple estimates should be used. This involves a series of 
actual counts of grasshoppers as they leave a square foot, selected by the 
surveyor well ahead of his line of march. Highteen counts should be made 15 
to 20 paces apart through the range, field, or margin being sampled. At the 
completion of the count, the total number of grasshoppers from the 18 square 
feet should be computed. ‘This total divided by two will convert this figure 
to the number of grasshoppers per square yard. It is advisable to occasionally 
lay off a square foot on the ground to keep the size of this unit area fixed 
in mind. The time of day, temperature, density, and height of vegetation all 
affect grasshopper activity and should be considered in making counts of 
grasshoppers. 


Where hatching has been irregular and where populations of mixed species 
exist, nymphs may be present with adult grasshoppers. In making the adult 
survey, if the nymphs are in the fourth or fifth instars, they should be 
counted as adults. If the occurrence of large numbers of first- to third- 
instar nymphs of economic importance is encountered frequently in an area, 
delay in the survey until a later date is advisable. If a delay is impractical 
and this situation involves only an occasional stop, reduce the count of first- 
to third-instar nymphs to one-third before the figure in terms of adults is 
recorded on the record sheet. 


In large field areas where fields consist of 80 acres or more and in range 
areas where the vegetation is uniform, only one habitat need be examined at 
each stop. 


In diversified crop areas where fields are usually less than 0 acres, 
two or more fields should be sampled; or in range areas where several vege- 
tative types exist, each of the habitats should be sampled. Populations in 
each crop and habitat should be determined. These populations should be 
averaged to determine a population for the stop. This average population of 
all fields or habitats sampled is used to rate the stop. 


In all cases, the observer should walk sufficiently far into each field 
to insure that the count of grasshoppers represents an average value for the 
field examined. Likewise, on the margin, a sufficient length of the margin 
should be examined to insure an average count. 


Population counts on the margin should also represent an average value 
for the entire width, from the edge of the road to the edge of the field. 
Most margins will be 2 or more rods wide, and for all such margins the popu- 
lation count should be recorded as an average for the entire width and the 
length examined. However, for narrow margins of less than 2 rods, the popu- 
lation count should be reduced proportionately. For example, the population 
count on a l-rod margin would be reduced one-half. When there is no distinc. 
vegetative difference between the field and the margin and there is no con- 
centration of grasshoppers along the margin, the field count should be recorded 
for the stop. No separate margin count need be made. This would apply to some 


ungraded roads or to roads through crops. Do not use margin counts when evalu- 
ating range stops. 


he 





After the number of grasshoppers per square yard has been determined for 
any stop, a rating for that stop is recorded on a road map or county outline 
map by using the adult rating table. When marginal and field ratings differ, 
the higher rating should be assigned to the stop. The field counts are not to 
be combined with the marginal counts and averaged to obtain stop ratings. 


The stops in the various crops and range should be well distributed and in 
approximate proportion to their relative county acreage. 


The adult survey should be started in each State at the earliest possible 
time, determined by the maturity and behavior of the grasshoppers, and com- 
pleted, where possible, within a period of 2 weeks. Actually the best survey 
is that which is the culmination of a whole season's observation of grasshopper 


development by the surveyor who had the opportunity to observe them in given 
areas. 


From 25 to 50 stops should be made in each county, depending on the nature 
of the infestation, the supervisor's knowledge of the infestation, and the size 
of the county. Fewer survey stops are required in an area that is lightly and 
evenly infested than in an area that is heavily and irregularly infested. In 
small counties and in counties where the supervisor is familiar with the in- 
festation, 25 stops usually will be adequate. Areas in which infestations are 
of doubtful degrees of intensity and areas that border known heavy infestations 
should be given more attention, and as many as 40 stops may be needed. Only 
in large counties or ones with extremely irregular infestations should it be 
necessary to make as many as 50 stops. To locate the boundaries of infesta- 
tions more definitely, exploratory examinations, which need not be formally 
recorded, may be made in addition to the regular stops. 


COTTON INSECTS 
eotuvon Council) Data 


Suggested methods for making uniform cotton-insect surveys were formulated 
at the Cotton Insect Research and Control Conference held in Memphis, Tenn., 
December 7-9, 1952. Revisions have been made in subsequent conferences. ‘The 
following cotton-insect survey methods for boll weevil, bollworms, pink boll- 
worm, cotton aphid, cotton fleahopper, cotton leafworm, lygus bugs or other 
mirids, spider mites, and thrips were approved at the Twenty-First Annual 
Conference on Cotton Insect Research and Control held January 9-10, 1968, EW 
Hot Springs, Ark., and are published in the conference report (pp. 79-86) Ly, 


1/ Copies available from Entomology Research Division, ARS, USDA, Plant 
Industry Station, Beltsville, Md. 20705 
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Boll Weevil 


Survey records to determine winter survival of the boll weevil (Anthonomus 
grandis Boheman) are made in a number of States. Counts are made in fall soon 
after the weevils have entered hibernation and again in spring before they 
emerge from winter quarters. A standard sample is 2 square yards of surface 
woods trash taken from the edge of a field where cotton was grown during the 
previous season. Three samples are taken from each of 30 locations in an area 
usually consisting. of uhree or foun counties, 


In the main boll weevil area, population counts are made on seedling 
cotton to determine the number of weevils entering cottonfields from hiber= 
nation quarters. The number per acre is figured by examining the plants on 50 
feet of row in each of five representative locations in thesiield andemmiG.— 
plying the total by 50. Additional counts are desirable in large fields. 


Square examinations are made weekly after the plants are squaring freely 
or have produced as many as three squares per plant. While you walk diagonally 
across the field, pick 100 squares, one-third grown or larger, taking an equal 
number from the top, middle, and lower branches. Do not pick squares from the 
ground or flared or dried-up squares that are hanging on the plant. The number 
of squares found to be punctured is the percentage of infestation. An alter-= 
native method is to inspect about 25 squares in each of several locations 
distributed over the field to obtain a total of 100 to 500 squares, the number 
depending upon the size of the field and the surrounding environment. The 
percentage of infestation is determined by counting the punctured squares. In 
both methods, all squares that have egg or feeding punctures should be counted 
as punctured squares. 


The point sample method developed by Arkansas entomologists consists of 
the following procedures: Select a representative area in a field and mark a 
starting point on a row. Examine the first 50 green squares that are one- 
quarter inch or larger in diameter for boll weevil punctures. Count those that 
are punctured and step off the feet of row required for the 50 squares. Four 
such counts (a total of 200 squares) are adequate for uniform fields up to 40 
acres in size. Fields that are larger or that are not uniform should be cGon-= 
sidered as separate fields with four counts made in each. The percentage of 
punctured squares, number of squares per acre, and number of punctured squares 
per acre can be determined. from the point sample information. 


A conversion table for usual row widths in an area with various numbers 
or row feet, 1. to 250, srequiredarorse 200-square count is prepared for ease 
in determining the number of squares and punctured Squares per acre. KExample: 
If 10 feet of a 40-inch row are required for 200 squares, there are 261,000 


squares per acre. If 50 percent of the squares are punctured, there are 
130,500 punctured squares per acre. 


mn 


Bollworms 


Examinations for bollworm (Heliothis spp.) eggs and larvae should be 
started as soon as the cotton begins to square and repeated every 5 days, if 
possible, until the crop has matured. In some areas it may be necessary to 
make examinations for bollworm damage before cotton begins to square. While 
you walk diagonally across the field, examine the top 3 or 4 inches of the 
main stem terminals, including the small squares, of 100 plants. Whole-plant 
examinations should be made to insure detection of activity not evident from 
terminal counts. 


The point sample method developed by Arkansas entomologists consists of 
the following procedures: Select a representative area in a field and mark a 
Starting point on & row. Examine the first 50 squares for bollworm damage. 
Count those that are damaged and step off the feet of row required for the 50 
Squares. Four such counts (a total of 200 squares) are adequate for uniform 
fields up to 40 acres in size. Fields that are larger or that are not uniform 
snoutd be considered as separate fields with four counts made in each. The 
percentage of punctured squares, numbers of squares per acre, and number of 
damaged squares can be determined from the point sample information. 


A conversion table for usual row widths in an area with various numbers 
piecOwetceu,.. oO 250, required for a 200 square count is prepared for ease in 
determining the number of squares and damaged squares per acre. kxample: If 
20 feet of a 40-inch row are required for 200 squares, there are 131,000 
squares per acre. If 10 percent of the squares are damaged, there are 13,100 
damaged squares per acre. 


Pink Bollworm 


Counts to determine the degree of pink bollworm (Pectinophora gossypiella 
(Saunders)) infestation in individual fields may be made early in the season 
by inspecting blooms, and later by inspecting the bolls. Bloom inspections 
for comparing yearly early season populations, or for determining when early 
insecticide applications are needed, should be made so as to obtain an esti- 
mMeatero: the number of larvae per acre. 


Bloom Inspection 


Five days after the first bloom appears, but not later than 15 days, 
check for number of larvae per acre as follows: Step off 300 feet of row 
(100 steps) and count the rosetted blooms at five representative Locations in 
the field (1,500 feet). Add the number of rosetted blooms from these five 
locations and multiply by 10 to obtain the number of larvae per acre. 
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Isa aL Inspection 


Check for the percentage of bolls infested as follows: Walk diagonally 
across the field and collect at’ random 100 firm bolls.” Crack) the bolMlewommca. 
each section of carpel (hull) lengthwise so that the locks can be removed. 
Examine the inside of the carpel for mines made by the young larvae when 
entering the boll. Record the number of bolls infested on a percentage basis. 


Other Inspection Techniques 


Other inspection methods are helpful in directing control activities 
against the pink bollworm. ‘They make possible the ,detection of infestations 
in previously uninfested areas and the evaluation of increases or decreases as 
they occur in infested areas. They are also used to determine the population 
of larvae in hibernation and their carryover to infest the new cotton crop. 


Inspection of gin trash.--Arrange with ginners to install traps where 
possible to procure freshly ginned "first cleaner" trash, which has not been 
passed through a fan, from as many gins as possible in the area. Maintain the 
identity of each sample and mechanically separate all portions of the trash 
larger and all portions lighter in weight than the pink bollworm. A small 
residue is left which must be examined by hand. This method is very efficient 
for detecting the presence and abundance of the pink bollworm in any given 
area. One may locate the exact field by catching a separate trash sample from 
cotton of each grower. 


Inspection of lint cleaner.--During the ginning process, the free larvae 
remaining in the lint are separated in the lint cleaners, and a substantial 


number of them are thrown and struck on the glass inspection plates. All the 
larvae recovered are dead. For constant examination at a single gin, -WipetousL 
the plates and examine after each bale is ginned. In this way the individual 
field that is infested may be determined. For general survey, make periodic 
examinations to detect the presence of the pink bollworm in a general area. 


Examination of debris.--Between January and the time squares begin to form 
in the new crop, examine old bolls or parts of bolls from the soil surface in 
known infested fields. Examine the cotton debris from 50 feet of row at five 
representative points in the field for number of living pink bollworms. 
Multiply by 50 to determine number of living larvae per acre. Such records 
when maintained from year to year provide comparative data that may be used in 
determining appropriate control measures. 


Use of light traps.--Especially designed traps containing argon, mercury- 
vapor, or blacklight fluorescent, bulbs will attract pink bollworm moths. 
Such traps are being used to discover new infestations, and their usefulness 
for survey work should be fully explored. Such traps are recognized as being 
an important means of survey for this pest as new infestations have been 
located through this use. 





h6 


Use of sex-lure traps.--Traps containing a sex attractant extracted from 
the tips of abdomens of female pink bollworm moths have been highly effective 
in trapping male moths. Such traps are being used in surveys for detecting 
the insect in noninfested areas such as Arizona, California, and Nevada. 


Cotton Aphid 


To determine early season cotton aphid (Aphis gossypii Glover) infesta- 
tions, you walk diagonally across the field, observe many plants, and record 
the degree of infestation as follows: 


None------ i eDORe wis Observed . 

Light----- tieepiidswere : Ound sonransoccasional plant. 

Medium----if aphids are present on numerous plants and 
some of the leaves curl along the edges. 

Heavy----- if aphids are numerous on most of the plants and 


the leaves show considerable crinkling and curling. 


To determine infestations on fruiting cotton, you begin at the margin of 
the field and, while walking diagonally across it, examine 100 leaves succes- 
sively from near the bottom, the middle, and the top of the plants. According 
GO the average number of aphids estimated per leaf, record the degree of infes- 
tation as follows: 


None------ O 

Light----- A eroy An, 
Medium----11 to 25 
Heavy----- over 26 


Cotton Fleahopper 


Weekly inspections for the cotton fleahopper (Psallus seriatus (Reuter) ) 
should begin as soon as the cotton is old enough to produce squares. In some 
areas inspections should be continued until the crop is set. While you walk 
diagonally across the field, examine 3 or 4h inches at the top of the main-stem 
terminal of 100 cotton plants counting both adults and nymphs. 


Cotton Leafworm 
The following levels of cotton leafworm (Alabama argillacea (Hibner) ) 


infestation, on the basis of ragging and the number of larvae per plant, are 
suggested for determining damage: 


None------- if no leafworms are observed. 

Light------ if one or only a few larvae are observed. 

Medium----- if two to three leaves are partly destroyed by 
ragging, with two to five larvae per plant. 

Heavy------ if ragging of leaves is extensive with six or more 


larvae per plant, or if defoliation is complete. 
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Lygus Bugs or Other Mirids oul! 


Inspections for lygus bugs or other mirids should be made at 5- to -day 
intervals beginning at square set and continuing until early September. 
Infestations should be determined by making a 50- to 100-sweep count at each 
of four or more locations. Sweeping is accomplished by passing a 15-inch net 
through the tops of the plants in one row, the lower edge of the net slightly 
preceding the upper edge. Contents of the net should be examined carefully to 
avoid overlooking very small nymphs. The plant terminal inspection as de- 
scribed for the cotton fleahopper may also be used. During hot summer weather, 
sweeping should not be made between 11:30 a.m. and 3:00 p.m. since lygus bugs 
are prone to move into  plante cover sto avoildsheac. 


Spider Mites 


For spider mites examine 25 or more leaves from representative areas 
within a field taken successively from near the bottom, the middle, and the 
top of the plants. According to the average number of mites per leaf, record 
the desreeson init estationvacsetollowsr 


None-------- O 

itehit e2.s—— 1 to 10 

Medium------ 1l to 25 

Heavy------- over 26 
Thrips 


While you walk diagonally across the field, observe or inspect the plants 
for thrips, and record the damage as follows: 


None-------- if no thrips or damage is found. 

Light------- if newest unfolding leaves show only a slight 
brownish tinge along the edges with no silvering 
of the undersides of these or older leaves, and 
only an occasional thrips is seen. 

Medium------ if newest leaves show considerable browning along 
the edges and some silvering on the underside of 
most leaves, and thrips are found readily. 

Heavy------- if silvering of leaves is readily noticeable, 
terminal buds show injury, general appearance of 
plants is ragged and deformed, and thrips are 
numerous. 


57/ See also paragraph on lygus bugs on cotton in California in Cereal and 
Forage Section, Forage Legumes, page 28. 
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survey Methods for Predators in Cotton in Arkansas 
W. P. Boyer 58/ 


A survey method for predators in cotton that does not require added time 
while scouting for economic pests has been developed and is being used in 
Arkansas. 


The method of survey adopted in Arkansas and used extensively in 1963 and 
1964 is based on Lincoln's 59/ earlier work. Predators scouted for are big- 
eyed bugs (Geocoris spp.), an insidious flower bug (Orius insidiosus), nabids 
(Nabis spp.), lady beetles (all species); and lacewing larvae (Chrysopa spp.). 
lady beetle adults and larvae are recorded separately. Counts of nymphs and 
adults of the hemipterous predators are combined when recorded. 





The survey procedure is as follows: 


i. Record the number of predaittors seen on and in the 200 squares while 
making the 200-square point sample count. 


2. Record the number of predators seen in terminals (top 6 inches) and 
on 100 leaves while making the standard 100-terminal count and the standard 
100-leaf count. In Arkansas, the 100 terminals and leaves are selected by 
examining 25 terminals and leaves at random following each of the 50-square 
samples taken in point sampling. 


3. Add the numbers of predators observed in procedures 1 and 2. 


To further test this method against whole plant examination; six cotton 
insect scouts made both counts weekly in one field each for a period of sev- 
eral weeks in 1963. A total of 69 counts by each method was made. In making 
the whole-plant counts 100 plants per field were examined by selecting 25 con- 
secutive plants at each of four locations (see data on following page). 


58/ Department of Entomology, University of Arkansas, Fayetteville, Ark. 
Lincoln, C. Predators on cotton. U.S. Dept. Agr. Econ. Insect 


Rpt. 5(48): 1077-1078. 1955. 
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Total specimens 1/ 


Grand 

BEB IFB NAB LBA LBL = LWL_s toot 
Squares------------------ 37 34 nm 119 22 Tey 235 
Terminals and leaves----- 38 50 6 87 Vy 15 207 
Total-------------------- 75 BY 10 206 33 32 Kho 
Whole plants------------- 120 see 20 290 53 69 704 
Fast count expressed 
as percentage of 
whole-plant count-------- Seis, Gites; iO) 71 62.3 46.3 62.5 


ally; BEB, big-eyed bugs; IFB, an insidious flower bug; NAB, nabids; LBA, lady 
beetle adults; LBL, lady beetle larvae; and LWL, lacewing larvae. 


These data show that the fast-counting method accounts for 62.5 percent as 
many predators as does whole plant examination. 


The counting period covered several weeks with counts being made before 
and after insecticidal applications. 


Predator populations may be adequately estimated by counting those seen 
while examining squares, terminals, and leaves by the point-sample method of 
scouting. When special counts for predators only are made, examination of 
woaole plants 1s more efticient. 


Thrips in Cotton in Arkansas 
Charles Lincoln, Gordon Barnes, and W. P. Boyer 60/ 


Winged migrant thrips, black or tan, may invade cotton in Arkansas anytime 
after the cotton emerges to a stand. After a week or so the wingless, straw- 
colored larvae become numerous unless the infestation is controlled by rain. 


Begin scouting for thrips when cotyledons (seed leaves) have spread flat. 
Continue checking until the first two true leaves are full spread, wl. ich takes 
about 2 weeks in warm weather and about 3 weeks in cool weather. After cotton 
has two fully expanded true leaves, thrips have little effect on cotton plants 
in Arkansas. 


Scout by slapping hills of cotton against a beater-box (fig. 1). On 20 
plants the counts are as follows: 


QO to 20 thripssnone: 

20 to 50> tnripss Licie. 
50 to 100 thrips medium. 
over 100 thrips heavy. 


60/ Department of Entomology, University of Arkansas, Fayetteville, Ark. 
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Control recommendations in Arkansas are made on the basis of this survey 
method and the above classification. 


After cotyledons have fully spread for 1 week or longer, apply insecti- 
cides for heavy infestations. Before cotyledons have fully spread, light or 
medium infestations of adults show the potential for a heavy infestation. If 
no rain is forecast, it may be advisable to apply insecticides for a light 
infestation of adults during the cotyledon stage. 





Figure 1.--Beater-box. 
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FOREST INSECTS &/ 


Balsam Gall Midge Damage Appraisal Survey in the 
Lake States Region 


R. L. Giese 62/ ana D. M. Benjamin ©3/ 


The balsam gall midge (Dasineura 
balsamicola (Lintner)) seriously damages fir 
by stimulating proliferation of the needles 
and causes the formation of needle galls 
(fig. 1). The galls are ovoid, about one- 
eighth inch long and normally occur singly 
on the needle although up to five galls may 
form on one needle. 


Galled needles and subsequent defolia- 
tion are employed in the appraisal survey. 
Of primary interest is the severity of in- 
festation and secondarily, the past history 
of its presence. 


Survey Procedures 





Time of survey.--The survey may be con- 
Figure 1.--Needles damaged ducted any time after June and before 


by the balsam gall midge. November. 


Stand requirements.--The survey is restricted to balsam and Fraser fir 
trees between 5 and 20 feet in height, open growing stands in the lowland 
habitat and plantations and top cut-managed stands in any habitat. 


Sampling Procedure 


Five plots of four trees each are examined for each 0 acres. Smaller 
areas require one plot per each 5 acres. Plots are distributed uniformly 
throughout the stand. The quarter method automatically selects the trees. At 
any given station, the observer visually "quarters" the area; that isjeirous 
left, front right, rear right, and rear left. The closest tree in each imagi- 
nary quarter is sampled. On the whorl in the upper one third of the crown, 
select four branches representing the cardinal directions. For each branch, 
examine 10 apical current twigs and record the number of these that are in- 
fested. This requires a numerical value (rather than a check) to be entered 
on the tally sheet. On the same branches, estimate the damage level of ten 
e-year-old and ten 3-year-old internodes (the 2-year-old internode immediately 
follows the current terminal twig and the 3-year-old internode is immediately 


61/ Papers in this section are essentially adapted from those originally 
sent to Plant Pest Control Division by the authors. 


62/ Department of Entomology, Purdue University, Lafayette, Ind. 
63/ Department of Entomology, University of Wisconsin, Madison, Wis. 
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behind the 2-year-old internode). About 1 percent of the galled needles remain 
on the trees indefinitely; any other galled needles will be represented by 
abscission scars. Numerous abscission scars reveal a heavy infestation 1 or 2 
years ago. ‘The actual estimate of previous damage is arbitrarily made by the 
observer, then entered on the tally sheet. (This part of the survey is option- 
al and depends, in part, upon stand conditions and general vigor of the trees. 
In a very few instances, densely shaded, poor-vigor trees drop the needles 
after 1 year as opposed to the normal 4-10. In such cases, previous damage 
levels will be impossible to detect.) 


Evaluation 


thesnumber or galled and nongalled twigs on current wood for the stand 
are totalled and the percent of twigs galled determined. 


Bees Ue) aes rae X 100 = percent twigs infested. 
Total twigs sampled 


The damage level is then derived from the damage level tables. 


Damage Level Tables 


A. Current growth - 


Percent current twigs infested Damage level 
- 5 Light 
6 - 40 Moderate 
KL 200 Heavy 


B. Previous growth (2- and 3-year internodes only ) - 


DeseripeLron Damage level 


Nearly all of old needles present, 
several scars, 1 or no galls 
remaining Light 


Between 10 and 50 percent of needles 
absent, several galls remaining Moderate 


Over 50 percent of needles absent, 
abscission scars abundant, several 
galls remaining Heavy 


If currently heavy, the survey (only the current twig part) is repeated 


the following year. If light, 3 years may elapse before another survey is 
needed. 


DS 


The previous growth observations are summarized with the current growth 
data on the summary evaluation sheet. These data enable the observer to pre- 
dict the rise and decline of populations under normal conditions and detect 
severe damage. Extreme heavily infested pockets are occasionally encountered. 
The locations of these are noted and observed at annual intervals; since these 
pockets may serve as infestation loci, future cutting when midge populations 
are low should be considered. 


BALSAM GALL MIDGE APPRAISAL SURVEY SUMMARY AND EVALUATION 
Stand number Date 


County ae R S Forty Observer 








Number acres Number of plots 


Percent current twigs infested 





Damage level current twigs Light Medium Heavy 
Damage level of 2-year-old internodes Light Medium Heavy 
Damage level of 3-year-old internodes Light Medium Heavy 


Population trend 
nn Ca aN i tl 


Survey to be conducted again 





Marketing recommendations 
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BALSAM GALL MIDGE APPRAISAL SURVEY 


Date 


Fo rey Observer | 





5 





Starting Point and Course 


County t 


Stand Compos 








Three year old Internode 


Indicate L. M. or He 


Damage Level Old Growth 


Two year old Internade 


Current Twigs Infested 
Per Ten Sampled 





larch Sawfly Damage Appraisal Survey in the Lake States Region 


L. C. Beckwith Olt/ 

The larch sawfly (Pristiphora erichsonii (Hartig)) is found throughout 
the tamarack type in the Lake States Region. However, the intensity of infes- 
tation varies from place to place. A standard method of appraising the damage 
is needed so that all agencies can report infestations in a similar manner. 
The following procedure, in use by the Division of Forest Insect Research, Lake 
States Forest Experiment Station, is submitted as a means of fulfil linge ee 
objective. It can be used once to obtain data on stand condition and severity 
of defoliation or annually to follow population trends. 


Survey Procedures 


It will be possible to follow population trends and to determine the 
factors causing, or leading up to, tree decadence by establishing permanent 
observation points throughout the tamarack areas. 


Observation Point Establishment 


All permanent observation points will be established in easily accessible 
tamarack stands, pole size or larger, that contain 70 percent or more tamarack 
and are at least 10 acres in extent. The landowner should be consulted to 
obtain permission to enter and to request that the stand will not be removed 
for a period of years. It would be advisable to locate points on public lands 
away from major highways whenever possible. 


Each permanent observation point should be specifically located and 
described on the larch sawfly damage appraisal survey form so that it can be 
readily found. This form is shown on the following page. To facilitate ease 
of locating, each observation point should be adequately marked by a band of 
paint on a power or telephone pole or on nearby trees. 


A line of 10 dominant trees, at least one chain apart beginning two 
chains in from the road, will be permanently marked and used for sample trees. 
Bach tree should be marked with a 2-inch band of paint at breast height (bh = 
4.5 feet above average ground level), completely circling the tree. A number 
Cleco 10), will, be neatly painted above this band. A Valspar-type enamel, 
tangerine in color, has proved very satisfactory because it shows up well in 
the woods and has long-lasting qualities. Repainting is necessary when the 
numbers cannot be determined, or in case sample tree is windthrown and must be 
replaced by a nearby tree of similar size. 


A square 1/10-acre plot (one chain on a side) will be established in the 
stand somewhere near the line of sample trees possibly containing some of them. 
A line of trees, immediately adjacent to the edge of this plot, will be painted 
to delineate the plot boundaries; the paint marks should face the center of the 


plot. The primary purpose of the plot will be to observe the development of 
tree decadence. 


64/ U.S. Forest Service, College, Alaska. 
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LARCH SAWFLY DAMAGE APPRAISAL SURVEY 


Collecting point No. (2) Approx. acreage sampled (3) Date 
Location: T R S (5) Landowner 
Reporting agency (7) Observers 
Stand condition: 
Densiuy: Poor Medium Good. 
site ee Dry Hummocky Wet 
(9) Individual tree record 
Tree No. DBH Ht. Defoliation percent 
is 
2 
3 


Average 


1/10-acre plot Tamarack Spruce Cedar 
No. living trees above 4" DBH class 








Remarks : 


Instructions for Reporting larch Sawfly Conditions 


For Reporting Agency only. 

- (7) - Self-explanatory. 

Underline one that best pertains to the stand. 

Density: Forest Service Classification - Poor (100-224 trees/acre), 
Medium (225-324 trees/acre), Good (325+ trees/acre). 

Site : Dry and wet are self-explanatory; hummocky refers to a stand 
that has very irregular ground surface, the high areas are 
generally dry while the depressions are generally wet. 

Tree record: Tree No., DBH (in tenths of an inch), Ht. (in feet), 

Defoliation percent (ocular estimate to the nearest 5 
percent). 

1/10-acre plot (1 ch. square). 

Any additional information concerning the stand condition. 

(RETURN TO STATE AGENCY IN CHARGE OF SURVEY. ) 


eal 


Field Observations 


At each observation point, a defoliation record will be marked on the 
survey form. Observations will be made after all feeding by the sawfly has 
ceased (approximately August 1). 


Defoliation estimates.--A defoliation estimate will be made for each of 
the 10 marked sample trees. The live crown is visually separated into thirds, 
and an estimate to the nearest 5 percent is made for each crown level. Then 
an average for the tree is obtained. When averaging, it must be realized that 
the upper one-third of the crown does not represent one-third of the total 
foliage. in making the estimates, because defoliation may vary in different 
quadrants of the crown, it is necessary to walk completely around the tree. 
Defoliation estimates will be recorded separately for each tree; the plot 
average will then be based on these 10 trees. 


The diameter at breast height (d.b.h.) for each of the 10 marked sample 
trees will be measured with a diameter tape to the nearest tenth of an inch 
and recorded on the form. 


Total tree height for each sample tree is measured by using an Abney level: 
or hypsometer and recorded. 


One-tenth-acre plot observations.--Within the 1/10-acre plot alieinwine 
trees in a 4-inch d.b.h. class or above will be counted and recorded by 


species. Only tamarack, spruce, and cedar should be considered. 


By following these 1/10-acre plots over a period of years, some idea of 
tree decadence will be obtained. The recording of spruce and cedar as well as 
the tamarack should make possible the detection of tree decadence resulting 
from other factors besides the sawfly. An example would be excessive high 
water over a relatively long period. This should be reflected in all three 
tree species even though it may affect each in a different degree. 


Red-pine Sawfly Survey Procedure for the Lake States Region 


Joseph EK. Kapler 65/ and Daniel M. Benjamin 66/ 


The red-pine sawfly (Neodiprion nanulus nanulus Schedl) is an important 
defoliator of red pine (Norway pine) in eastern North America. Defoliation 
occurs in spring and is restricted to needles of the previous seasons even 
though currently developing foliage is present. Marked reduction in growth 
may occur after a single season's attack. Prolonged outbreaks resulting in 
the loss of all old foliage for three successive seasons may cause tree 
mortality. 


65/ loras College, Dubuque, Iowa. 
66/ Department of Entomology, University of Wisconsin, Madison, Wis. 
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Evaluation of red-pine sawfly populations is best conducted during the 
egg stage after oviposition is completed in late fall. Eggs of this species 
remain on the tree until they hatch the following year in early May. Eggs are 
readily observed and little or no mortality occurs to interfere with the close 
relationship between egg numbers and subsequent defoliation. The other life 
stages all possess characteristics that preclude their utilization as valid 
and reliable population density criteria. 


Red-pine sawfly eggs are inserted into the round face of current season 
needles near the tips of well exposed branches (fig. 1). They appear as a 
series of irregularly spaced, pale yellow, oval-shaped spots averaging eight 
per needle, with five to 13 eggs being commonly encountered (fig. 2). Each 
female lays approximately 50 eggs, concentrating them on several adjacent 
needles. 


Sampling procedures are based on temporary plots located at random in red 
pine stands. The number of plots per 40 acres has been established at 10. In 
smaller areas one plot per 2 acres will suffice; in larger areas (100 acres or 
more), 20 plots will be employed. Time and availability of personnel will 
temper the intensity of the survey. 


The size of the red pines to be examined and stand density will influence 
the precise procedure employed on each plot. Consequently, it is desirable to 
establish the program for each of the three major forest classes generally 
infested. 





Figure 1. Red-pine sawfly female ovipositing 
in red pine needles. 





Figure 2. Red pine needles containing eggs 
of red-pine sawfly. 
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Plantations Under 15 Feet in Height 


In plantations under 15 feet in height, each sample plot will consist of 
10 trees selected at random. For the presence of sawfly eggs, five twigs, one 
each from five different branches having current foliage (that is, needles thag 
were grown during the recent season) will be examined per tree at breast height 
{b.h. ® 4.5 feet above average ground level). Thus, at each station a total 
of 50 current twigs will be examined. The number of current twigs bearing 
sawfly eggs will be recorded on the survey sheet shown below and the data 
processed to yield an average number of egg-infested twigs per plot per plan- 
tation. Infestation classification will be determined by employing the 
following standards: 


Average number 


of egg-bearing Infestation Predicted defoliation 
twieseper plot classification (percent of old foliage) 
0 to 9 Light Ouvounes 
10 to 19 Medium ay, Wwe) NG, 
Over 20 Heavy SOSGCOCLOO 


Open Stands and Plantations (15 Feet in Height and Over) 


In open growing red-pine stands 15 feet in height and over, 10 trees 
selected at random will constitute the sample. Because red pine is able to 
withstand complete defoliation for at least two seasons, twig examinations 
will be made only on plots showing evidence of red-pine sawfly defoliation 
occurring during the past season. This defoliation is recognized by presence 
of current foliage on branches that do not possess older foliage. Absence of 
defoliation will be recorded on the survey sheet by placing an "X" in the last 
column. 


When sawfly defoliation is encountered, twig examinations will be made. 
Because of the height of the trees in these stands, a pole pruner is necessary 
to collect specimens. Branches will be cut from the upper crown of each 
sample tree, attempting to select 4-year-old branches wherever possible. Five 
twigs having current foliage will be examined for sawfly eggs on each tree. 
Results of the examination will be recorded on the tally sheet and the data 
processed to yield a stand classification. Plots on which no defoliation was 
observed, and consequently recorded as "X" on the summary column, will be 
included and considered noninfested in determining stand classification. 


Closed Stands and Plantations (15 Feet in Height and Over) 


In closed red-pine stands and plantations 15 feet and over in height, 
five trees selected at random will constitute the sample plot. As in the open 
stands of this height, twig examination will be made only on plots showing 
evidence of red-pine sawfly defoliation during the past season. Plots on which 


no defoliation is encountered will be recorded by placing an "X" in the last 
column on the tally sheet. 
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When sawfly defoliation is encountered, twig examination will be made. 
Collection of twigs by pole pruner generally is not practical because of the 
height of the trees and the closed canopy. An extension ladder, admittedly 
cumbersome to use in the forest, may be required to collect twig samples from 
4-year-old branches in the upper crown. Ten current twigs will be examined 
per tree and the data recorded and processed to yield a stand classification. 


Red=Pine Survey Procedure 


Forest Ranger District Plantation No. 
Location T. ° Sece Ouarter 


Acreage Average Ht. Natural Planta tion__Open__C To sed 


Nate Observer 


Plot No Nurber of Current Twigs bearing Eggs Total Twigs 
SRE a i 














Total Feg Bearing Twigs 
Av. NO. " n " 
Stand Classification 
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Saratoga Spittlebug Nymphal Appraisal Survey in the Lake States Region 


Hl Goeiwan 67/ 


Surveys on nymphal populations of the Saratoga spittlebug (Aphr ophora 
saratogensis (Fitch)) are conducted to determine needs for insecticidal control 
measures. Such surveys will ordinarily begin about June 15 in northern 
Wisconsin and Michigan, although weather conditions may necessitate setting the 
date as much as a week earlier or' later. In any case, the starting date or the 
survey will be when most of the nymphs are in the later instars and the ending 
date before transformation to the adult stage begins. 


curvey Procedures 


Sample Size.--Twenty sample plots shall be established per 100 acres of 
plantation. The individual plot encompasses an area of one-tenth milacre de- 
limited by a portable square wooden frame (25 inches on a side, inside dimen- 
sion). All plantations less than 50 acres will have 10 DLOUS. 


Plot Location 


The plots must be evenly distributed according to lines predetermined on 
a plantation map. No plot should fall less than two chains from the edge of a 
plantation or a transecting road. The examiner will pace off the required 
distances and drop the plot frame immediately in front of him in an unbiased 
manner. The frame must not be moved from this point unless one or more of the 
following conditions are encountered: 


1. No trees within 3 feet of the plot.--Always locate the plot frame so 


that it lies within 3 feet of the crown of a tree. 


e. No ground cover.--If the trees have shaded out the low-growing plants, 
move the frame to a more open area. If no suitable spot can be found within 
one chain of the predetermined sample station, record this fact on the field 
form and move on to the next station. 


3. Trees over 15 feet. orJless than 2 feet an height.--If either of these 
conditions prevails, record the fact and move to the next station. 


Alternate Host and Nymphal Count 


At each sample station, each individual host plant and each nymph within 
the confines of the frame are recorded on a field form shown on page 65. To 
detect nymphs, carefully press away the ground litter from the root-collar of 
the plant and look for the characteristic spittle mass. If a mass is observed, 
pull it apart and count the nymphs. If as many as 10 nymphs are found in any 
one plot, it is not necessary to count further but record this fact and move 


67/ Deceased, formerly with Forest Service, USDA. 
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on. Any additional alternate host conditions observed by the examiner will be 
helpful in interpreting the data. For instance, if the "Others" column on the 


field form represents mainly hawkweed or bracken fern, a note should be made 
concerning its abundance. 


Tree Size and Density 





The average height of the trees, estimated to the nearest foot, and the 
average number of trees per acre must be recorded. The number of branch whorls 
on a representative (average sized) tree and any abnormal appearance of the 
trees, such as deformation and flagging, should be recorded. 


The following points detail the use of the damage prediction table (shown 
at end of article following field form). 


1. From the nymphal survey field form, the average number of tree units 
in the plantation is determined by obtaining the product of the average tree 
meieht (in feet), the average number of living branch whorls, and the average 
number of stems per acre. ‘These three factors are determined by the observer 
Pe cie. 1 1eld. 


2. On the damage prediction table, the number of tree units is located 
in the column on the left and a straightedge placed across the table at this 
evel. 


3. From the nymphal survey field form, the total number of nymphs present 
in the first 1/10-milacre plot is determined. 


Wy, This number is located in the top row of the damage prediction table 
Poomreoedsdowniwand CO the point of intersection with the straightedge. ‘The 
fmoestacvion level on. the 1/10-milacre DLOte lomLNene desl nated neavy, medium, 
Sietciu according vO the intéstation zone indicated by the table. 


5. The infestation levels of all the remaining plots are determined by 
examining the field forms and going through the steps described above. 


6. If 30 percent or more of the plots fall in the heavy infestation zone, 
the plantation is slated for immediate control. 


The infestation level in a particular plantation may not be high enough to 
warrant immediate control, but it may be high enough to anticipate the need for 
Scontrol the following year. For instance, if 20 percent of the sample plots 
were found to be heavily infested and an additional 10 percent moderately in- 
fested, it is only logical to assume that after the insect has gone through the 
propagative stage, the population will have increased enough to constitute a 
heavy infestation. Therefore, a plantation may be designated as requiring a 
nymphal survey and possible control the following year if 30 percent or more of 
the sample plots are moderately infested. In this manner both the operational 
and appraisal aspects of spittlebug surveys may be logically and effectively 
combined in a single spring nymphal survey. 
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Infestation classification 





The following empirical classification of tree damage on the basis of the 
feeding scar density on the xylem of the 2-year-old internodes has been 
established ; 


Reedine escar supers Omen. Tree damage level 
O to 10 Light 
LOVCORSO Medium 
Over 30 Heavy 


To classify an infestation on the basis of the spring nymphal population, 
the damage potential can be predicted according to the following relationship: 


yes Ka X = number of feeding scars per 10 cm. of twig to be 
expected from the resulting adult population. 

A = number of nymphs per one-tenth milacre. 

B = number of tree units per acre = (number of trees per 
acre) x (average height of trees in feet) x (average 


number of living branch whorls per tree). 


K = 17 (dimensionless constant). 
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ALTERNATE HOST AND NYMPHAL SURVEY FOR SARATOGA SPITTLEBUG 






FIELD FORM* 








Others 


: Plantation 
National Forest Ranger District Code No. 
mocation: 'T: ie Sec, Acreage 
Date Observer 
Sample lnymphs t fample {nymphs Number Alternate Host Stems 
number Sweet- umber Sweet- 

stem f Spp. fern SDD. 
Ere Ree Eee RC Ee Ce 
OP ence | ener | eI oe 2 | Eee ee 
Cie te eed DO eee i E22 a Lele Cee 
ih SS gcame | ea eagtts eee oe | Eke aad oa 
Op ae ec 
O Baas ee ks ee 
1 Pe ee Poe keane eel 
Bao ibe! he eee 
2 (ers one eed 7 Peo Seer es ay | 
=| Gc eal 
O SS Oe POS |e | 
il eTaem etal] eet ats Ces: | ee el 
pp eer Bea Ee 

3 Dae eee SOG ES | SC ae ©. | 

O Rae Ree (Pat ee a eed 

1 Rares bette 1 Rca ee 

Y} aybeharsts fie Tega ts | 2 Ce eee 

4 Pree hee BS eee 
4 ES eee 4 Mee | IC =| 

O eeeeeieeir eg’) REY Rs 7! O ee ae 

if ee ees Re ee 
Esa) Ree OGRA, RAO «| 

9) eee Sees 10 RA eee 
4 Seoe Satine kata | Ca ee 
Average number trees peracre:_———Cti—“C;CCS AAVerasge: number‘ off branch whorls 


Average height of trees (to nearest foot): 


Remarks: 


*A continuation sheet is used when there are 20 sample plots. 
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Saratoga Spittlebug Damage Prediction Table 
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Spruce Budworm Detection Survey in the Lake States Region 


aI ding, Veena) 68/ and H. O. Batzer 69/ 


The spruce budworm (Choristoneura fumiferana (Clemens)) detection survey 
provides general information on annual population fluctuations at fixed loca- 
tions, data on areas of heavy defoliation not previously observed, and quanti- 
tative information on budworm abundance at various locations throughout the 
spruce-fir type. 


purvey Procedures 


Location of collecting point.--The permanent collecting points should be 
established in accessible balsam fir stands of several acres in size, and 
distributed so as to give good coverage of the spruce-fir types in each State. 
The area in which the collecting point is established should not be subject 
to cutting for at least 10 years. These points should be established in bud- 
worm-susceptible stands; the insect itself may or may not be present. Adequate 
coverage should be obtained if a minimum of 10 collecting points are estab- 
lished in each of the State's forest districts. Where private, State and 
Federal holdings occur in the same district, the State will be responsible in 
apportioning the number of points to be established by each. These points can 
be established at any time to avoid delay at the time of taking records. 


Selecting trees to be sampled.--Adjacent to the reference point. three 
balsam firs suitable for beating are selected and marked with paint, using one, 
two, and three diagonal lines. These same three trees will be sampled annually 
for budworm larvae and defoliation. The selected trees should be: (1) Typical 
ef the surrounding stand, (2) just within or at the edge of the stand, (3) as 
bienyeec possible, (4) at least 25 to 30 feet tall, and (5) with live limbs in 
full sunlight close to the ground. Small treés growing closely with or beneath 
ereerscrees may be used, also trees along roads, around fields, campgrounds, 
See imimar openings. At cach collecting: point a centrally located tree or post 
should be permanently marked (preferably with paint) with the number of the 
Pomleecline point and a symbol designating the established agency. 


Taking plot data.--Numbers 1 through 9 on the Spruce Budworm Detection 
Survey form shown on page 69 are self-explanatory. 


Number 1O0--List each major tree species, starting with the most abundant 
species; estimate the average height of each species and percent occupied in 
the overstory. 


Number 11--Estimate length of live crown and average basal width in feet. 
When one side of live crown is shorter than the other because of shading, 
determine average from both lengths. The same procedure will be used for basal 
width. 








8/ Forest Pest Control, Forest Service, USb:, Upper Darby, Pa. 
9/ North-Central Forest Experiment Suation, #i-~est: Service, USDA, 
eye oreul, Minn. 
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sampling procedure.--Sampling for the budworm at each collecting point 
will be made after the larvae have reached the fifth stage in the following 
manner: (1) Place the collecting sheet on ground beneath outer crown of sample 
tree--at least half of the sheet should project beyond the outer crown of per- 
imeter on the leeward side, (2) using the long pole, brush the lower 10 feet 
of the live crown directly above the sheet with five heavy downward strokes, 
(3) count all budworm larvae and pupae falling onto the sheet and record the 
number for each tree sampled, (4) estimate defoliation of current growth for 
each tree sampled as follows: None, no defoliation evident; light, a trace 
upto <O percent; medium, “2s co, 5Owpercent; fandsneavyovet pe meaner 
Divide crown into three levels and estimate defoliation in each part. The 
average of these three estimates will be the degree of defoliation for the 
entire tree. When no budworm larvae are recovered from the beating or no de- 
foliation is observed, those items should be recorded on the form. 





Reporting Results 


A new set of data will be recorded each year the collecting point is 
visited. The same form can be used for these yearly collections. 


Each cooperating agency will prepare a map showing the exact location and 
number of each collection point established. Copies of this map will be sent 
to the State agency designated to receive forest insect reports and to the 
Division of Forest Insect Research, North-Central Experiment Station, Folwell 
Avenue, wot. erally eM cn aoe. 


After each collection has been made, the completed form should be mailed 
immediately to the State agency involved. This will include collections made 
on National Forests. This State agency, in turn, will prepare a yearly sum- 
mary of these reports for inclusion in the regional report by the Division of 
Forest Insect Research. 


Equipment 


The survey has been designed so that a minimum of equipment (listed below) 
will be needed. 


1. One 6- by 8-foot collecting sheet of unbleached sheeting or similar 
material. 


2. Light pole approximately 10 feet long. (This can be cut on the spot 
and left for use next year. ) | 


3. Paint for numbering trees and marking location of col Lecting spo ime. 


4, Supply of "Spruce Budworm Detection Survey" forms (one copy for each 
collecting point). 
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(1) 
(4 


a 


(5) 
(6) 
(8) 


SPRUCE BUDWORM DETECTION SURVEY 


RGue CAL PEDO GEN Opp eee eee eee en (2) otaten = (3) TRS. Forty 


Collecting Point Location 


REDON Caaf Ol Cy meneame see ee eee ees So  StandsAcreage: 


COLCCL OT See me ween et See ee ee ee Ce eS) ee (7)! Date 


Staminate Flowers Present (Balsam Fir) YES NO 


Stand Description Species Average Height Percent of Overstory 





(10) Individual Tree Record 


Spruce Budworm Percent of 


INSTRUCTIONS 
iy Establishment of Collecting Point: 


1. Select permanent sampling points within susceptible balsam fir 
stands. There should be a minimum of 10 points in each State 
forest. district or comparable sampling unit. 

ec. At each sampling point select THREE balsam firs, preferably domi- 
nant or codominant, which are part of the stand but which are 
fairly well in the open and have low, living branches. 

3. Mark the trees with paint with 1, 2, and 3 diagonal lines; locate 
them accurately by reference to known points and also on a map. 


els Sampling Procedure: 


i. sampling should be done when the larvae are in the fifth stage or 
instar. 

2. Place collecting sheet (6' x 8') on ground on the leeward side and 
under the crown of each marked tree, with half of the sheet pro- 
jecting beyond the perimeter of the crown. 

3. With a long pole (10' or more) brush the lower 10 feet of the live 
crown directly above the sheet with 5 heavy downward strokes. 


Instructions continued on following page. 


69 


III. Completing Form: 


1. Numbers 1 through 8 are self-explanatory. 

2. Number 9 - List each major tree species, starting with the most 
abundant species; estimate the average height and percent occupied 
in overstory. 

3. Number 10 - Estimate crown length and average basal width in feet. 
Record number of budworm larvae and pupae on sheet. Record defoli- 
ation of current growth as NONE when no defoliation is evident; 
LIGHT - a trace to 20 percent defoliated; MEDIUM - 21 to 50 percent 
defoliated; and HEAVY - over 50 percent defoliated. Divide crown 
into three levels and estimate the defoliation in each; the average 
indicates the degree defoliation for the entire tree. 


Spruce Budworm in the Northern Rocky Mountains 


Tel. Terreit 70/ 


Detection Surveys 


New outbreaks of spruce budworm (Choristoneura fumiferana (Clemens)) are 
frequently discovered during aerial detection surveys. 


Foliar damage caused by spruce budworm is most evident in the northern 
Rocky Mountains during mid-August. Flights are made from about August 1 
through September 15. Before this period, light foliar damage has not turned 
red enough to be readily seen; after mid-September, fall storms decrease the 
evidence of feeding. 


Flights are made over the timber type from 8 a.m. to about 2 p.m. 
Shadows are too long on northern and western slopes to permit earlier flights, 
and rough air terminates the afternoon flights. 


For detecting infestations, early morning light is best because it shows 
red better than noontime light. 


Flights are made at approximately 800 feet above the terrain. A contour 


pattern is flown in most of the area because the terrain does not lend itself 
CORSULAD LI ont Ss, 


When evidence of spruce budworm damage is discovered, the outbreak areas 
are mapped on one-half inch to the mile maps. 


(O/ Forest Pest Control, Northern Region, Forest Service, USDA, 
Missoula, Mont. 
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Biological Evaluation--Aerial 


Biological evaluations of spruce budworm include an aerial survey of known 
infestations. These are made in much the same manner as detection surveys. 
The damage is classified as to degree of intensity--light, moderate, or heavy. 
These classes cover fairly large areas of perhaps a small drainage or some 
topographical unit and are described by appearance as follows: 


Light--The damage ranges from barely visible to reddening of the 
upper one-fourth of the tree crown. Damage is not necessarily 
continuous throughout the stand. There may be a few heavier spots 
of damage. 


Moderate--Damage is clearly visible. The upper one-third to one- 
half of the crown is red. The damage is not necessarily continu- 
ous, and there may be some heavily damaged spots. 


Heavy--Damage is visible on most trees to the bottom of the crown. 
The damage is nearly continuous throughout the stand. ‘There may 
be some top killing. 


Subsequent ground examinations usually show that aerial observation 
classes fall into the following percentages of defoliation of current needle 
Beowons Light 25 to 40, moderate 35 to 60, heavy 55 to 85. 


Biological Evaluation--Ground 


Samples of foliage are collected from the lower midcrown of intermediate 
trees to determine the number of budworm egg masses. ‘Two samples each of 
sufficient quantity to cover a 4- by 4-foot canvas are collected from opposite 
sides of one-tree plots located in various parts of the area surveyed. Twenty 
io) 30 oOne-tree plots per area are desirable. 


pamples are taken in September or October after the eggs have hatched. 
Hie foliage, placed in large plastic bags, is brought into the laboratory and 
‘stored in a cold room (about 38” F.). 


The foliage is measured by spreading it loosely on a canvas-covered table 
marked gridiron fashion from an end line to show the number of square inches 
Bemsurtacesup to 2,000. The excess foliage is discarded. 


The percent defoliation of current growth is estimated by examining 50 new 
growth shoots. The defoliation estimate is useful in determining budworm 
activity in a given area. 


The complement of foliage remaining from previous years is also recorded 
because it has a bearing on the tree's chance of survival when the current 
defoliation is severe. 


vik 


The foliage is then examined. All needles with foreign material attached 
are removed and placed into pillboxes. These needles are then examined by an 
entomologist who removes the needles having budworm egg masses. He then 
separates the current year's egg masses from those of previous years. Old egg 
masses are discarded because they were found to be invalid as a measure of egg 
populations for the previous year in the northern Rocky Mountains. Current 
egg masses are also examined to determine the percent parasitized by Tricho- 


gramma sp. 


The graph (fie. i) is used Go predict the defoliation for the next season. 
It shows the correlation between egg masses and subsequent defoliation in the 
northern Rocky Mountains. The prediction is quite accurate in 3 out of 4 
years. 


This estimate and all information regarding the past history of the out- 
break are the basis of recommending for or against control projects. 
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Figure 1. Defoliation resulting from spruce budworm egg 
masses: 1959-1960, 1961-1962, and 1962-1963. 
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White-pine Weevil Appraisal Survey in the Lake States Region 


po. 2. Banash ey, 


The white-pine weevil (Pissodes strobi (Peck)) has been a serious pest of 
pines and spruces in the Lakes States region for many years. Infestations can 
be severe in white, jack, Scotch, and red pines and in Norway spruce. Other 
species sometimes seriously damaged are Austrian pine and white spruce. 

Direct control measures to prevent attack have met with some degree of success. 
An appraisal survey is required to enable the forester and the entomologist to 
determine the degree of infestation to be used as a guide in making control 
recommendations. 


pucvey ©rocedures 


Time of Survey.--The time when weevil attack first becomes evident will 
depend on the locality, weather conditions, and tree species. For the Lake 
States, in general, this occurs about mid-June. The effects of weeviling will 
be readily visible for the remainder of the season. 


Method of Survey iy 


This survey involves determination of the percentage of attack presently 
occurring in a plantation. Data obtained will be classified in categories 
eeprecenving Light, medium, heavy, or no weeviling. 


The first sample is taken at least one chain from the edge of the 
Preancing. At this point the observer tallies 10 trees along the row. To 
e-waolicd the second sample, two chains are paced from the last tree examined. 
Pubsequent samples are taken in the same manner until the end of the row is 
Breached. Additional sample lines are run through the planting at five-chain 
intervals. When the plantation is not established in rows--some types of 
underplanting for example--and does not lend itself to line sampling, cluster 
samples of 10 trees should be taken along a compass line. The intervals 
should be the same as for regularly spaced rows. A minimum of one sample for 
Pec acre of plantation, having less than 1,000 trees per acre, is required 
for accurate results. -Two samples are required for plantations having more 
than 1,000 trees per acre. The observer may obtain this average number of 
trees per acre by establishing, at random, three 1/50-acre circular plots (16.6 
feet in radius) in each plantation. 


71/ Forester-Entomologist, Ranger Station, Antigo, Wis. 
72/ Marty, R.,- and Mott, D. G. Evaluating and scheduling white-pine weevil 
eontrol in the Northeast. U.S. Forest Serv. Res. Paper NE-19, 56 pp. 1964. 
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Tallying Data Sheet 


Kach sample consists of 10 trees approximately two chains apart. Only 
the currently weeviled trees should be tallied. 


Column: 1. Weeviled trees--current year's weeviling. 
2. Nonweeviled trees--can be previously weeviled but not in 
the current year. 
3. Cumulative total of weeviled trees--this column represents 
the total for the previous pilots: 





Example: PLO Cumulative Non- 
No. Weeviled total weeviled weeviled 
Number Number Number 

a 2 2 8 

2 5 D ri 

3 1 6 9 


Summary of data.--Categories for the seriousness of damage are based on 
percentage of weeviling arbitrarily established for this survey at the fol- 
lowing levels. 


Heavy--25 percent or more of the sampled trees weeviled. 
Medium--10 to 25 percent of the sampled trees weeviled. 
Light--less than 10 percent of the sampled trees weeviled. 


Determining the needs for control will vary with values placed on indi- 
vidual plantations by the owner. 


WHITE-PINE WEEVIL APPRAISAL SURVEY 





Description: T. R. Pe Forty: Date: 
Host: Acreage: Age: Spacing 
Average Height of Trees: Average Number o# Trees Per Acre: 
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FRUIT INSECTS 


Citrus 


Citrus Red Mite iay 


Herbert Spencer Th/ and Allen G. Selhime 15/ 


The citrus red mite (Panonychus citri (McGregor)), known generally in 
Ploridea as the purple mite, has become a major pest of citrus, especially in 
miespast 1O years. Since 1913 the Subtropical Fruit Insects Laboratory at 
Orlando, Fla., has conducted many experiments with insecticides and miticides 
for control of this pest, and also experiments designed to reveal the causes 
of infestation increases. Sampling methods have been devised to measure 
natural infestations and also the control obtained with the many treatments 
that were tested. 


sampling for reliable experimental data is at best a time-consuming and 
expensive work. Several methods have been tried to obtain more reliable data 
wim ess cOsy Ol vuime and labor and to find a simple method that might be useful 
PecoevOnCitrus growers in checking their own groves. 


Our present method of estimating infestations has several advantages. We 
use a hand lens in the grove to avoid collecting and transporting samples to 
the laboratory and using the microscope. We examine only top surfaces of the 
leaves, since that is where most of the eggs and crawling stages of the red 
mite are found. This is simpler than examining upper and lower leaf surfaces 
and fruits, and gives larger numbers and less variation for equal time spent. 


The hand lens we use is a linen tester with frame having an opening, or 
freld, 1 inch square. The opening is placed diagonally over the midrib on the 
upper surface of the leaf. Records are made of the numbers of crawling mites 
and unhatched viable eggs in the square. This is done for 25 leaves equally 
spaced around the tree at chest level. Mature, hardened leaves just back of 
the tender new growth are examined, since tender new-growth leaves may not have 
been out long enough to develop infestations. 


_ Adding the values recorded for each 100 leaves gives a tree estimate, or 
index, and adding the indexes of four or five trees that get the same spray 
treatment gives the treatment index. This index may be compared directly with 
other indexes similarly obtained for other treatments, or those found before 
spraying or later in the year. 


73/ Adapted from Spencer, H. and Selhime, A. G. Sampling of infestations 
Of citrus red mite. Florida Ent. 38(4): 165-166. 1955. | 

74u/ Retired, formerly with Entomology Research Division, ARS, USDA. 

75/ Entomology Research Division, Agricultural Research Service, USDA. 
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The treatment index numbers may be reduced to mites or eggs per square 
inch if desired. Such indexes may be compared with those obtained in other 
years in the same grove or in other groves. The percentage of leaves infested 
from the basic leaf records may be derived, if this is needed for comparison 
with infestation records so summarized in former years. 


Data from infestation estimates made by this-new method are better suited 
for analysis of variance, calculation of experimental errors, and checking 
adequacy of sample size than data obtained by the percentage method. It is a 
method capable of showing very small differences in control from different 
Mivicscess. 


There is a decided advantage in recording eggs separately. By doing so, 
one can decide on the probable red mite-infestation trends in a grove. If 
there are fewer unhatched eggs than mites on the leaves, the infestation is 
probably declining naturally and spraying or respraying may be avoided. If 
the mites run more than two per square inch and eggs four or more, a large 
increase in infestation may be expected in the near future and immediate 
spraying is advisable. The index of infestation that calls for spraying can 
probably be set rather closely when additional data become available. 


A grove owner can adapt the method by examining 25 leaves on each of 10 
trees well spaced across each grove. One man with a lens and notebook can 
examine 10 trees in an hour and get information that will help him answer the 
ever-present question, "Shall I spray these trees for red mites now, or wait?” 
And he can come back 10 days after the spraying to determine whether or not 
his efforts have been successful. 


Grapes 


Grape Root Borer 


V. G. Attwood 76/ W.' D. Wylie as and WP Boyer tay 


survey Method Used in Arkansas 


A survey method for grape root borer (Vitacea polistiformis (Harris)) has 
proved successful in determining the extent of adult emergence in Arkansas. 
The number of larvae in roots cannot, of course, be determined without de= 
stroying the vines. The adult moth is often mistaken for a common wasp when 
seen flying about a vineyard. 


76/ Pine Bluff Arsenal, Ark. 


T{/ Department of Entomology, University of Arkansas, Fayetteville, Ark. 
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The life cycle of the grape root borer requires 2 years. In northwestern 
Arkansas, adults are present in the field from mid-July to mid-August. The 
adult female deposits over 00 eggs, enough for one egg per vine for an entire 
Bere Of grapes. The eggs hatch in 2 weeks. Only about LO percent of the 
larvae become established, and these spend 22 months in the roots. The pupal 


stage lasts 4 to 5 weeks. The remaining 3 to 4 weeks are required for the 
adult and egg stages. 


One survey method has proved successful. At the time of adult emergence, 
about one-third of the pupal case extends above the surface of the soil. After 
the adult emerges, the empty pupal cases will remain intact. Ninety percent or 
more of the adults emerge within a 1-foot radius of the base of the vine. 
searching under the vine for the remaining pupal cases during the last half of 
July and all of August will reveal the presence of the root borer. In some 
vineyards, to easily find the pupal cases, it may be necessary to clean away 
trash and vegetation from the base of vines before pupation. Inereasing use of 
herbicides in Arkansas vineyards has reduced this problem. By frequent obser- 
vation, adult emergence will be noted before the empty pupal cases are de- 
Seroyed by rain. 


Western Grape Leaf Skeletonizer 


i G. Forbes 78/ 





The Bureau of Entomology in the California Department of Agriculture has 
been engaged in an intensive campaign directed against the western grape leaf 
skeletonizer (Harrisina brillians Barnes and McDunnough). This insect, which 
is a day-flying moth, is found on wild and domestic grapes in a wide range of 
climatic niches ranging from coastal plains to desert canyons and at elevations 
from sea level to 4,500 feet. 


Visual inspection has been found to be the only acceptable method of 
purvey. Extensive bait trap studies have been conducted in search for an 
Peoreaclvanoe wlau WOuld Savisiactorily supplement visual inspection, but nothing 
Of outstanding effectiveness so far tested has been found. The most promising 
of these tests has involved a preparation made through the addition of the 
abdominal tips of virgin female moths to benzene. This has shown an attraction 
to males but has not yet been developed to the point where it can be used ona 
practical basis. 





In the matter of visual survey, the presence of adults is most easily 
observed. They have a wing expanse of approximately 1 inch and have an irides- 
cent blue-black metallic color. They usually emerge from overwintering pupae 
sometime soon after April 15 and are again abundant in July and to a lesser 
degree in September. If present and forced into flight, they are inclined to 


8 Bureau of Entomology, California Department of Agriculture, Sacramento, 
at. 


tel 


flutter around and return to the vine from which they were originally dis- 
turbed. Adults are inclined to favor the lower part of the vines, both wild 
and cultivated, and it is on these lower levels that inspection is concen- 
trated. Actually, the adults are very retiring and tend to drop rather than 
fly when disturbed, making detection somewhat difficult in the absence of 
heavy populations. 


The lemon-yellow elliptical eggs are generally deposited on the under sur- 
face of the leaf. They are laid on end, slightly separated, in more or less 
irregular rows making up patches of from 20 to 100 eggs. They are not greatly 
dissimilar from those deposited by the smaller more common lady beetles. Their 
presence can be easily overlooked unless a leaf by léaf inspection is being 
made. , 


The characteristic feeding damage of the gregarious larvae is very con- 
spicuous and easily noted on badly infested canes at a distance up to 200 feet. 


larval feeding up to the fourth instar is carried out on the under surface 
of the leaves, producing an extremely thin tissue paperlike area, which is 
white and translucent when fresh and later turns brown. As the larvae mature, 
the leaf surface is completely eaten. The earlier larval instars are conspicu- 
ous because of their feeding as a colony, side by side, in a steadily advancing 
line. The mature larvae are also conspicuous because of their brilliant blue 
and yellow lateral rings that alternate over the length of the body. On 
severely infested vines nothing remains but the canes, fruit, leaf petioles, 
and the major part of the midrib. 


Pupation occurs under the rough bark of infested vines, usually close to 
the ground level and even in the grass roots several inches away from the base 
of the vine. ‘The pupae are relatively flat, yellow to dark brown depending on 
age, and encased in a white opaque cocoon. Inspection for pupae even during 
the dormant period is generally deemed impractical because of the time element 
involved. 


Initial infestation is usually found in the border rows in vineyards. The 
original hour-glass pattern of inspection was for that reason subsequently 
changed to a peripheral survey including the first five to ten rows in vine- 
yards in areas suspected of infestation. Although there is considerable over- 
lapping during the active season, the various stages closely follow the normal 
pattern in relation to the generations discussed under adults. 
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Pome Fruits 


Apple Maggot Fly Emergence 
W. D. Whitcomb 79/ 


In late August and early September, apples infested with apple maggot 
(Rhagoletis pomonella (Walsh)) are placed in a large box having a 1/k-inch mesh 
wire bottom. ‘The box is raised 10 or 12 inches on corner legs. Under the box 
is a tray with 1-1/2- to 2-inch sides where the maggots drop after they com- 
plete larval feeding in the apple. Daily and sometimes twice daily the maggots 
are collected, counted, and distributed among the soil boxes. Soil boxes are 
1-1/2 x 3 feet (size is not important) with sides 8 to 10 inches high. ‘They 
are filled with 6 to 8 inches of good porous soil. 


Maggots are distributed among the boxes each day rather than putting each 
day's collection in one of the boxes. The usual number of maggots in each box 
is 300 to 400. When the maggots are gathered from the tray, all prepupae and 
pupae are discarded and the soil boxes are checked frequently to remove any 
epecimens that fail to enter the soil normally. 


In late fall the infested soil boxes are placed in or near the orchard 
and buried even with soil surface. They may be covered with wire or brush to 
protect them from dogs or other animals. In early June cages are placed over 
the soil boxes to collect the flies when they emerge. These cages are about 
3 feet in each dimension covered with screen wire on at least two sides and 
cloth sheeting on the top and other sides. The front is attached on two edges 
miu toumbtacks so that it can be folded back to reach in to collect and count 
the flies. During the emergence season the flies are collected daily. Winter 
mortality in these cages has ranged from 40 to 60 percent and progressive 
emergence estimates are based on a 50-percent natural mortality. 


Mires rite Orchards oo/ 
Mereichial Menem Cite \yiesse mc. 81/ 


Orchardists and research workers have been trying to estimate mite popu- 
lations in fruit orchards. Probably the most common method is the use of a 
hand lens to count mites on individual leaves. A 9- or 10-power lens is recom- 
mended if eggs or minute details are to be observed. A 3- or h-power magnifier 
permits a faster examination and is generally adequate if only adults and 
nymphs are being inspected. A variation that adds greatly to the speed and 
freedom of movement is a headpiece magnifier or a bionocular loupe. When 
greater accuracy is desired, a binocular microscope is used in the field and 


in the laboratory. 


Waltham Field Station, University of Massachusetts, Waltham, Mass. 
80/ Cleveland, M. L. Methods of determining orchard mite populations. Ent. 
Soc. Amer. No. Cent. Branch Proc. 15: 50-51, 1960. 
81/ Entomology Research Division, ARS, USDA, Vincennes, Ind. 
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A number of methods have been employed in surveying an area to determine 
~ the species present. One method requires a funnel with a screen-wire cap over 
its top. As branches are tapped on the top of the funnel, mites fall from the 
leaves through the screen into a vial attached to the bottom. Another method 
involves a box equipped with a screen-wire top and a removable tray. ‘The tray 
has a 4- by 4- by 3/8-inch depression lined with white cardboard. The box is 
used in much the same manner as the funnel. The cardboard in the tray can be 
dry or coated with an adhesive material that traps the mites. 


Most of these techniques have been used at the Vincennes, Ind., labora- 
tory. The method now used most commonly is described herein. 


Uniformity of samples from field spray plots is maintained by collecting 
leaves for examination around the periphery of each tree. The sampler picks 
them at random at shoulder height and at arm's length into the tree as he walks 
around it. A sample of 100 leaves, equally divided among the replications, is 
taken for each treatment. The samples are then placed in quart ice cream 
cartons, marked according to treatment and replication, and taken to the labor- 
atory. If the plots are nearby, a simple metal tray is used to carry the 
cartons; if plots are farther away, cartons are transported in an insulated ice 
chest. 


Upon arrival at the laboratory, samples are refrigerated at ko? toss500en 
Refrigeration permits a delay in counting for at least 3 days. Dehydration of 
both mites and leaves occurs after 5 days. Mites will begin to migrate shortly 
before wilting of the leaves becomes noticeable. 


Mites and eggs are removed from the leaves to glass plates with a brushing 
machine (Henderson, McBurnie 82/). An application of either clear varnish 83/ 
or a 1 to 1 mixture of Tween 20 and ethyl alcohol acts as an adhesive. “ihe 
plates are normally examined immediately, but they may be stored in a refrig- 
erator overnight. Moisture condenses on the plates during refrigeration buc 
this is nothing more than a nuisance: 


A binocular microscope set at-a magnification of, 20 to 25x issuseaum 
counting mites and eggs on the plates. The microscope is equipped with a 
counting plate similar to that described by Klostermeyer and Rasmussen Bh/. 
The counting plate is white and has four light-blue bands crossing at equal 
angles in its center. lkach-band comprises 5 percent of the total area. Ata 
magnification of 2OX, a band nearly fills the field of view. When the glass 
plate holding the mites is placed over this counting plate, any part may be 
examined readily. A valid estimate of the population can be made from one 


827° Henderson, C. F., and McBurnie, H. V. Sampling technique for deter- 
mining populations of the citrus red mite and its predators. U.S. Dept. Agr. 
ime hl poe wove. 

83/ The varnish may be easily removed by boiling the plates in a solution 
of 4 ounces of trisodium phosphate per gallon of water. 

84/ Klostermeyer, E. C., and Rasmussen, W. A counting plate for sampling 
mite populations. Jour. Econ. Ent. 49(5): 705-706. 1956. 
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band if the number of mites exceeds 200, from two bands if it is between 100 
and 200, and from four bands if between 10 and 100. The total plate area 
should be examined if there are less than 10 mites per band. This operation 
can be expedited by using a ruled background. 


The European red mite (Panonychus ulmi (Koch)), the two-spotted spider 
mite (Tetranychus urticae Koch), and the four-spotted spider mite (T. canaden- 
sis (McGregor) ) are the phytophagous species generally found on fruit trees in 
the Midwest. Their habits vary considerably. European red mites begin 
feeding in early spring and can be a serious problem by petal fall. Upon 
hatching from overwintered eggs, they feed on the first leaves that appear. 
Woile terminals are probably first to be attacked, it is only a’ short time 
before the tree is rather uniformly populated. Two-spotted spider mites begin 
feeding somewhat later and are first noticed in the center of the tree. Some 
Pema lessnipernate under the bark; but many pass the winter beneath leaves and 
debris in the orchard. Mites that overwinter on the ground generally feed on 
the cover crop before migrating to apple foliage. 





Habits of four-spotted spider mites are similar to those of two-spotted 
oo -wiitec, UL theysappear to be more confined to the tree. Their feeding 
Omeepples, although possibly not so pronounced, is often earlier than that of 
the two-spotted spider mites. In determining populations of these two species, 
momiemorcveasnececcary to vake half of the samples from the center of the tree. 
It is essential that the same sampling technique be followed on all trees and 
all treatments involved. 


Pear Sawfly 
Pianc eres. sControl, Division 


Pear sawfly (Hoplocampa brevis (Klug)), an economic pest of pear in 
Europe, was discovered in Canada in 1964. Federal taxonomists reviewed 
specimens of this sawfly group in the United States National Museum and found 
H. brevis adults had been submitted from Newburgh, N.Y., in 1953 Oh Survey 
for this pest is indicated in all pear-growing areas of the country, especially 
in the Northeast. 


Survey Procedures 


Adults of pear sawfly are needed for positive determination. They are 
difficult to collect. L. W. Boulanger of the University of Maine used sticky- 


-poard traps placed in pear orchards to capture the adults taken in New York in 


1953. He favors this method; however, specimens may be badly damaged by col- 
lection on sticky boards, if they are not handled properly ayslne. collector 
should carry a small bottle of petroleum solvent, such as Varsol, and a medi- 
cine dropper. A few drops of solvent on the specimen to be removed will 


85/ Plant Pest Control Division. Pear sawfly (Hoplocampa brevis (Klug)). 
64. 1960. 


U.S. Dept. Agr. Coop. Econ. Insect Rpt. 16(4): 62- 
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quickly soften the sticky material. The specimens should then be placed in 
vials containing the same solvent. Generally, by the time the specimens are 
to be checked, the sloshing motion has dissolved the sticky material. The 
specimens are then placed on paper towels and transferred to alcohol. 


Promising captures on sticky board traps should be followed up by sweeping 
the pear blossoms with a sweep net. About one trap per acre in selected pear 
orchards would be sufficient for an exploratory detection survey. ‘The trap 
should be exposed in the lower part of the tree but high enough to be beyond 
the easy reach of children or animals. In Canada, G. G. Dustan, Canada Depart- 
ment of Agriculture, reports that adults of pear sawfly were so scarce in 
Ontario in 1965 that only three were recovered. These were obtained by 
tapping limbs over a cotton sheet. 


Survey for larvae in Canada was conducted by scouting in pear orchards 
for the characteristic hole in the side or calyx end of the small fruits. 
Suspected fruits were cut and examined. About 20 minutes were spent in each 
orchard. According to European literature, a good method for survey would be 
to cut and examine fruit that falls in the "June drop." Attacked fruit, 
according to reports, falls at an early stage and a massive drop may be indic- 
ative of the presence of the pest. Attempts should be made to rear the insect 
to obtain adults where they cannot be collected in adequate numbers. 


Timing of surveys.--Timing of survey is highly important in detecting this 
insect. Adults are active for around 10 days only and larvae about 20 to 25 
days. Adults appear when the pear blossoms begin opening; therefore, traps 
should be placed in orchards just ahead of this time and kept in orchards until 
the petals fall. Observations in 1965 on life history in Canada were as fol- 
lows: First adult was collected on May 12 when pear blossoms were 75 percent 
open. First adult emerged from soil in insectary May 1/. Newly hatcheqmiar a. 
and unhatched eggs were found May 19. No larvae could be found in the fruiv 
after about June 15. 


Stone Fruits 
Cherry, Fruit Fiy 
D. W. Robinson 86/ 


Methods Used in California 


Three methods of detecting cherry fruit fly (Rhagoletis cingulata (Loew)) 
infestations have been used in Siskiyou County, Calif. 


; 867 Bureau of Entomology, California Department of Agriculture, Sacramento, 
colylisiba 
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Detection of Adults 


Adults may be trapped with a sticky-sided carton baited with ammonium 
carbonate. Quart-size Sealright Thermorex paper containers are used with the 
inner surfaces coated with Mapco Stickem Special. The trap is attached to a 
tree with a wire that extends through the bottom and has a small hook on the 
inside on which the bait packet is hung. Approximately 2 ounces of powdered 
ammonium carbonate is sealed into 2-inch square plastic packets. The packets 
remain sealed until time of use. When they are to be used, 10 to 12 perfo- 
rations are made. The bait is replaced in the traps at weekly intervals. 
Traps are placed, when convenient, at a height of about 8 feet above the 
ground on the southeast side of the tree. Traps are generally replaced once 
or twice during the 3-month trapping season. 


Detection of Larvae 


larvae are detected by processing fruit samples. One-pound samples of 
cherries are crushed by running them through an old-fashioned, hand-operated 
clothes wringer with rollers grooved and set apart so as not to crush the pits. 


paescrushed fruit is “placed over 1/4-inch mesh screen in hot water, preheated 
from 140° to 160° F., for at least 1 minute. The fruit is then discarded. The 


remaining pulpy water containing the larvae, if any, is placed in a pan in a 
swirling device propelled by a small electric motor. Rotation speed is con- 
trolled by a rheostat. In the swirling water, larvae and other heavier parti- 
cles gravitate to the center of the pan where the greatly reduced level of 
water permits easy detection. 


Detection of Pupae 


Pupae are detected through soil sifting. Soil within the drip line of the 
tree is sifted through mesh screen (6 wires per inch) to eliminate large par- 
ticles then resifted through a smaller screen (14 wires per inch) to eliminate 
fine soil. The remainder is inspected visually for puparia. This method of 
detection has been used primarily to confirm infestation on properties where 
adults were taken in traps, but no larvae found in fruit samples processed. 


Plum Curculio--Survey Methods 
Roy W. Rings 8Y/ 


The examination of fruit at harvest for plum curculio (Conotrachelus 
nenuphar (Herbst)) injury is an unreliable survey method since most fruits 
attacked by this insect fall to the ground before harvest. The collecting of 
dropped fruits and the rearing of larvae from these fruits are reliable re- 
search methods; however, the methods are too time consuming for survey 


entomologists. 


87/ College of Biological Sciences, Ohio State University, Wooster, Ohio. 
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The most reliable method for determining adult populations is the jarring 
method. This consists of vigorously jarring or shaking individual branches of 
the tree over a "curculio catcher. The catcher may consist of anunbrelia 
that is. lined on the inside with white nylon. The stem of the umbrella may be 
cut off about half-way between the handle and the junction of the stem with the 
cloth top for ease of ‘handling in collecting. A less expensivescatcherscarma. 
made. by mounting a 2-feet by 4-feet piece of white cloth on a collapsible 
wooden frame in such a manner that the borders of cloth are elevated and the 
center of the cloth depressed to form a concave collecting surface. Both of 
these catchers, if properly constructed, have the advantage of requiring little 
storage space. 


Jarring procedure consists of holding the catcher in one hand just beneath 
the branch to be jarred and vigorously shaking or jarring the branch with the 
other hand. To avoid skin abrasions, wearing a heavy cloth glove on the 
jarring hand is advisable. Mechanical jarring devices, such as rubber mallets, 
cause bark abrasions that may become infected with disease or infested by 
DOrerns. 








Because trees. vary in size and fruit crop, jarring for a given interval of 
time is desirable rather than jarring a given number of trees. For example, 
sampling may be done for a period of 4 to 5 minutes. At the end of the san- 
pling period, the catcher is examined’ for plum @curculicor adults. SAteted waters 
sampling pericds from different areas of the orchard are required for a fairly 
reliable estimate of the population. Many vor thetedultshieienedescn meas 
therefore, the examination must be critical. Also, other Conotracheluseiaa. 
resemble the plum curculio may be collected. All curculios should be checked 
for the presence of two larger and two smaller, shining-black protuberancecgon 
the dorsal surface of the elytra. If the curculios lack these featuresuuune,, 
ace not plum curculios. 





In selecting trees for sampling, at is»well to consider’ thaceplum= cure. 
lios will be found in greaver numbers on trees at the edge of themorchardmcian 
in the center. This is particularly true on trees bordering woodlands. Also, 
more curculios will -be found On trees bearing =a good crop of) fruit, thang canes 
with light crops or without fruit. it is also well to remember that curculios 
will begin to emerge from hibernation at or just after bloom and will increase 
in numbers during the next few weeks. Very few curculios will be found after 
July 1 since the adults of the first generation occur at this time and are 
comparatively inactive. 


Sampling should be done as early in the morning as possible when temper- 
atures are comparatively low because the curculios will drop directly into the 


catcher. In late morning and’ in the afternoon, the beetles become more active 
and are more likely to fly, and thus escape the catcher. 





This technique may be used to detect the first appearance of plum curcu- 
lio in the spring and to compare populations in one area with those in 
another. 


The method may also be used to estimate populations of plant bugs and 
Stank ,bugSss that attack trite. 
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Plum Curculio--Technique in Jarring 88/ 
Meier iie o2/ 


Survey Methods Used in Arkansas 


Jarring trees to obtain plum curculio (Conotrachelus nenuphar (Herbst) ) 
adults is an old and well-established practice. At one time this method was 
considered a valuable supplementary control measure for plum curculio on 
peaches. Aithough no longer practiced as a control measure, jarring trees is 
still considered a valuable tool particularly in research. Jarring is useful 
as ameans of timing spray applications and for locating areas of heavy infes- 
tation. It may also be used as a criterion for evaluating effectiveness of 
spray applications. 


Equipment and technique for jarring are described in this paper. The 
method described was used with satisfactory results during 1949 and 1950 in the 
peach belts in the Arkansas River Valley centered around Clarksville and in the 
southwestern belt near Nashville. 


In tree-jarring experiments in Arkansas, a sheet 4 feet by 7 feet is 
attached to a light wooden frame. The frame is hinged for folding to facili- 
tate transporting from one orchard to another. Other equipment includes a 
light rubber-covered mallet 90/ and a small bottle fitted with a slit-rubber 
top for collecting the beetles. 


The procedure involved in using the small jarring sheet is to hold the 
sheet in one hand and with the mallet jar the limbs by one or two sharp blows. 
No attempt is made to jar an entire tree. The beetles are usually collected at 
the end of the jarring period. If, because of high temperature, the beetles 
becomemacGLiye. they are captured and counted immediately. ‘The unit of measure- 
MenGeorecurculio abundance is based on the amount of time spent in jarring. In 
neo me eoco woe —InUbespCriog as used. Ifa complete record in an area is 
GociredselOULrseDnitc sOL > Minutes each are; taken. Usually, the operator jars 
the limbs on one side of a tree and then moves on to the next tree. 


The principal disadvantage in using a small sheet to jar for 5-minute 
periods seems to be that customarily one thinks of curculio populations as the 
number per tree. Since this number is an arbitrary figure and is at best only 
Pumepp Cu imavlou ma C1licreny Unit, Of expressing density of population should 
Demedueaulvyeceuieracuory., Ine number of limbs jarred in 5 minutes by different 
individuals will undoubtedly vary somewhat, but this variation should not be 
nearly so great as the differences between individual trees. 


Adapted from Jour. Econ. Ent. 44(5): 818-819. 1951. 

Department of Entomology, University of Arkansas, Fayetteville, Ark. 
See previous article, Plum Curculio--Survey Methods, for difference of 
opinion as to the use of rubber mallet. 
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Bee 


In the past, jarring records have been on the basis of the number of cur- 
culios obtained per tree. ‘This system has numerous disadvantages. The size 
of trees varies greatly from one orchard to another because of differences in 
age and growing conditions. Curculio population varies greatly among Greegucs 
fairly uniform size. This necessitates a large sample to obtain representative 
data. Jt is difficult to jar an entire tree especially if it is a large one. 
Unless considerable labor is available the sheets must be placed on the ground. 
Uneven terrain and weed growth make this impractical in many orchards. 


During the summer the temperature is too high in Arkansas for satisfactory 
jarring during most of the daylight hours. The beetles are more active and 
many of them fly upon being disturbed. More records can be taken during that 
period of the day when conditions are favorable if the small sheet is used to 
jar individual limbs rather than entire trees. Also, the small sheet can be 
held close to the limbs where the curculios are located. Fewer beetles will 
fly before hitting a sheet held close to the limbs than a sheet on the ground. 
Also, more beetles can be recovered from the sheet on a rigid frame since they 
can be removed more quickly from it than from large sheets. Thus, jarring can 
be done with the small sheet when high temperature would make the use of large 
sheets on the ground impractical. 


Sheets sufficiently large to cover the area under a large peach tree 
require several persons to hold them. The only alternative is to place them 
on the ground. In many Arkansas orchards the terrain is too rough to place the 
sheets on the ground satisfactorily. With the sheets on the esround it 16 
difficult to jar the tree without walking on the sheets. If placed on bare 
ground, the sheets soon become soiled; thus, making it difficult to locate the 
curculios on them. The small sheet on a frame eliminates these difficulties. 


The advantages of considering the number of curculios jarred in a 5-minute 
period using a small sheet on a rigid frame as the unit of measurement may be 
summarized as follows: Only one person is needed to take the records. More 
records can be taken at the same time.. Difficulties because of variations in 
tree size, uneveness of terrain, and high temperature are decreased or 
eliminated. 
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INSECTS AFFECTING LIVESTOCK AND DOMESTIC ANIMALS 


Survey Methods for Livestock Insects 
R. A. Hoffman QL Roger Drummond 92/ and O. H. Graham 92/ 


Cattle 


Grubs.--Examine animal's back by gently running hands over infested area. 
An animal, unless gentle, should be confined to chute or stanchion during 
examination. Check at least five head, or 10 percent of herd. Average number 
Sieerubs less than five per head is considered light; five to 15, moderate; 
and over 15, heavy. 


Horn flies.--Count or estimate the number of flies on at least five ani- 
mee wor 20 percent Of herd, by counting the flies on one side of the animal 
and multiplying the number by two. Binoculars to observe horn flies from a 
G@istance are often valuable. In the heat of day, the flies congregate on the 
lower, shaded parts of the body and are difficult to observe. Average number 
Selon lies under 50 per head is considered light; 50 to 200, moderate; and 
over 200, heavy. 


Horse tlies and deer flies.--Count total number of Flies on 15 head as 
observed from one side and compute the average. Binoculars to observe horse 
flies and deer flies from a distance are often useful. Average number of flies 
less than two per head is considered light; two to five, moderate; and over 
mive.. heavy. 


Lice, biting.--With animal confined, examine at least five l-inch-square 
areas on poll, neck, back, and withers. Average number of biting lice under 
three per square inch is considered light; three to 10 moderate; and over 10, 
heavy. 


Lice, sucking.--With animal confined, examine at least a total OPT iave 
l-inch-square areas on dewlap, neck, poll, about the eyes, and muzzle. A port- 
able light is helpful. Average number of sucking lice under three per square 
inch is considered light; three to 10, moderate; and over 10, heavy. 


. Stable fFlies.--Preferred feeding areas of stable flies are on the legs 
and under parts of the body; but, during hot weather, the flies largely remain 
off the host during the middle of the day. To avoid confusing stable flies 
with house flies, one should observe them at close range or Through «binoculars. 
Count the flies on the outer legs of one side and the inner legs of the other 
on at least five head of cattle and multiply by two the total number on each 
head. Average number of flies under five per head is considered light; five 
to 10, moderate; and over 10, heavy. 


91/ Entomology Research Division, ARS, USDA, Plant Industry Station, 


Beltsville, Md. 
92/ Entomology Research Division, ARS, USDA, Kerrville, Tex. 
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Ticks.--With animal confined, examine a 6-inch-square area on the dewlap, 
side of the neck, and escutcheon, and record the average number of aduluecrces 
per area. This method is especially applicable for Amblyomma americanum (L.) 
and Dermacentor spp. For A. maculatum Koch count the number of adult ticks on 
the outside of the ears. For ear tick (Otobius megnini (Dugés)), count total 
number inside the ears. Average number of ticks under five per head is con- 
Sidered light; five to 20, moderate; and over 20, heavy. Examine at least five 
animals, or 10 percent of herd, whichever is greater. 





Hogs 


Lice.--In warm weather, hog lice are commonly distributed over the ani- 
mal, but when it is cold, they often concentrate about the ears, between 
forelegs and body, or between the hind legs, Average number of lice under five 
per hog is considered light; five to 15, moderate; and over 15, heavy. 





Horses 


Bots.--Horse bot adults lay their eggs on the hairs of horses, especially 
on the forelegs, chest, lower neck, and about the mouth. Count the number of 
eggs (nits) attached to hairs on these body areas. Count eggs on hairs in 10, 
l-inch squares on foreparts of the horse's body. Average number of bots under 
two per square inch is considered light; two to five, moderate; and over Ds 
heavy. 





Ticks.--Examine an area of about 6-inch square on the neck and breast and 
count the number of ticks per area. Average number of adult ticks under five 
per 6-inch-square area is considered light; five to 20, moderate; andvcovers-o- 
heavy. For the tropical horse tick, Anocentor nitens Neumann, examine the 
inside of the ears for engorging adult ticks. An average number of ticks under 
five is considered light; five to 20, moderate; and over 20, heavy. In excep- 
tionally heavy infestations, ticks may be found on mane, forehead, and between 
hind legs. 


Poultry 


Lice.--Count motile forms in seven openings of the feathers: One at vent, 
two at breast, one at back, one at neck, and one on forward edge of each wing. 
Examine at least 10 birds. “otal count of under 10 per bird is considered 
light; 10 to 25, moderate; and over 25, heavy. ‘The body and shaft lice are 
the more common species, but the fluff, wing, and neck lice are also seen. For 
survey purposes, a differentiation is generally not necessary. 





Mites, fowl (northern and tropical).--The fowl mite completes its cycle on 
the chicken, attaching its eggs to the feathers. Feathers of infested birds 
become discolored from the accumulation of excrement and eges. Part feathers 
at five locations between vent and peak of breast; on one feather from each 
location count the mites. Average count of less than two is considered Devore, | 
two to five, moderate; and over five, heavy. 
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Mites, roost.--Examine at least 10 cracks or joints or both in roosts and 
nests with the aid of a strong light. Often it may be necessary to pry boards 
apart slightly to make satisfactory observations. Average count of less than 
two is considered light; two to five moderate; and over five, heavy. 


Sticktight flea.--Examine neck, head, wattle, and around eyes of at least 
10 birds for attached fleas. Average count of sticktight flea of less than 
five per bird is considered light; five to 10, moderate: and over 10, heavy. 


Ticks.--Five birds are examined for attached larvae under wings, on sides 
of body, and on inside of thighs. Average count of less than five larvae per 
bird is considered light; five to 10, moderate; and over 10, heavy. Adult 
micks hide in cracks of the buildings, roosts, nests, or in debris, such as 
sacks, papers, or accumulated duff. Examine 10 such situations with the aid 
of a strong light. Average count of ticks less than three per location is 


considered light; three to 10, moderate; and over 10, heavy. 





Sheep or Goats 


Keds.--Count adults on at least 10 sheep by parting wool in 15 different 
locations to sample all areas of the body. Average count of less than five 
Pome com opcOnoidered Lights tive to 15, moderate; and over 15, heavy. 





Lice, goats.--Part hair on ome Siue of the goat's body at five places-- 
Side of face, neck, back, side of body, and hind leg--on at least 10 goats, or 
emo Geeioponelcerd. —COUNL Ghe number Of lice in a l-inch section of the part. 
Pero semCOUNGPOL ONeslO tive per area is considered light; five to 20, moder- 
etowmovei me seecayvy.. Dillerenuiave beuween biting and sucking lice. 


Pice olcch.- ea) wool, om One side of the sheep's body at five places-- 
PeO moi miace ec , ack, side of body, and hind leg--on at least 1O sheep, or 
Meepercent oOo: herd. Count the lice in a l-inch section of the part. Average 
PoUn mOolLmcoiesGOutive per area is considered light; five to 20, moderate; over 
Peco w me bictcrenuiate between biting and sucking lice. For foot louse, 
Linognathus pedalis COs.) examine 4 feet and count lice. One to five per 
meet nconcicered) Lighio; tive vo 20, moderate; and over -2O.,: heavy. 
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Pests 
Cattle: 


Horn fly-------- 
Horse and deer 


Lice, biting---- 
Lice, sucking--- 
Stable fly------ 


Mites, fowl 
(northern and 
tropical) 

Sticktight flea 


Lice, goats----- 
Lice, sheep----- 
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do 


do 
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do 
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Mites on Cattle, Horses, Sheep, Hogs, Dogs, and Cats 
Wemberreters 25), G. D, Waite 24/, 0. H. Hemmer 22/, and C. E. White 20/ 


In surveying for mites of the genera Sarcoptes, Psoroptes, and Demodex 
(mange mites, scab mites, and follicle mites, respectively), do not look for 
the mite, but for small, dry, yellowish scabs, moist scabs, and small, hard, 
pimplelike lumps, ranging in size from a pinhead to a small marble. Examine 
pneshead. neck, withers, base of tail, or inner side of legs. If scabs or 
pimplelike lumps are found, the animal is apparently infested. Report the 
mercenuncL animals apparently iniested or, to be certain of the infestation, 
scrape hard over these areas with a dull knife or the edge of a salve tin and 
examine the scrappings carefully under a microscope. In light infestations, to 
find the mites it may be necessary to clear the scrappings. Lice will occa- 
sionally cause symptoms similar in appearance to those caused by mites. 
Therefore, in the absence of scrappings or with negative scrappings, examine 
carefully to be certain the condition is not caused by lice. As scrapping 
draws blood, treat the wound to prevent infection. 


SOYBEAN INSECTS 


Insects Found in Soybeans 


Oe oe mer 2’ L. 1. Peters 22/, and R. D. Jackson 23/ 


The Linear Foot Method 


Carefully examine all plants on 3 linear feet of row at three or more 
places in the field and count all insects found. When the plants are large, 
bend them over the space between the rows and shake them vigorously, then count 
the insects on the ground between the rows. A cloth or paper laid on the 
ground to catch the insects will facilitate counting. Insects, such as the 
bean leaf beetle, fly or hide quickly once they are shaken from the plants. 
Therefore, shake only 3 feet of row at a time. Report the number of insects 
per 30 linear feet of row. The linear foot method is used for all leaf feeding 
insects, especially when the plants are more than 6 inches high and for root 
feeding insects by examining roots and soil about the roots. The most impor- 
tant insects of which the adults may be found feeding on the leaves and the 
larvae feeding on the roots are bean leaf beetle, a grape colaspis, Phyllophaga, 
Japanese beetle, and Sitona. Green cloverworm larvae, corn earworm Jervae. 
cabbage looper larvae, grasshoppers, southern corn rootworm adults, plant bugs, 
and stink bugs may be found feeding on blossoms, pods, or leaves. 


93/ Department of Entomology, University of Missouri, Columbia, Mo. 
94/ Stored Products Insects Research Branch, Market Quality Research 


Division, ARS, USDA, Manhattan, Kans. 
Dow Chemical Company, Bio-Products Center, Midland, Mich. 
96/ Department of Entomology, University of Illinois, Urbana, Tay. 
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The Sweep Method 


The sweep method in soybeans differs from that in clover and alfalfa. In 
soybeans, take a sweep along one row of beans. Stand facing a row and reach 
over the first row and sweep the net along the second row from left to right 
as far as you can reach in both directions. Count the insects after each ysweep 
as it is difficult to move from one row to another without some insects es- 
caping from the net. Report the number of insects per 100 sweeps. ‘This method 
is useful in checking populations of bean leaf beetle adults, southern corn 
rootworm adults, grape colaspis adults, Japanese beetle adults, leafhopper 
adults and nymphs, grasshoppers, plant bugs, stink bugs, and predatory insects. 


Plant-Shaking Methods for Soybean Insect Survey in Arkansas He 


W. P. Boyer 28/ and B. A. Dumas 98/ 


The plant-shaking method of survey for soybean insects has been used ii 
Arkansas for several years. With extensive increase in’ soybean acreage, work 
was conducted to improve the method by the use of certain equipment. The 
equipment consists of a piece of heavy white or off-white cloth. Each end of 
the cloth is folded over a thin piece of l-inch wood, and the cloth sewn tight 
so that wood will not slip out of the fold. The finished piece of equipment is 
24 x 4e inches with the ends rigid. This cloth can be rolled together and 
easily handled (fig. 1, A) or unrolled to any length up to 42 inches to fit any 
row width (fig. 1, B). Row widths vary, however. Most of the fields in 
Arkansas are planted in 38- or hO-inch rows. 





Figures. =.CloLneusedaan plant-shaking method. of survey for 
soybean insects: A, Rolled, B, unrolled. 


97/ Adapted from Boyer, W. P., and Dumas, B. A. Soybean insect survey as 
used in Arkansas. U.S. Dept. Agr. Coop. Econ. Insect Rpt. . 
98/ Department of Entomology, University of Arkansas, Fayetteville, Ark. 


13 (6) Bol =92581906. 
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The surveyor enters a field and selects a site at random. For soybeans 
standing upright, the surveyor stands between two rows facing parallel with the 
rows. He then unrolls the cloth and slides it forward at ground level under 
undisturbed plants (fig. 2, A). The surveyor then kneels down, extends each 
arm forward parallel with the row on either side, and vigorously shakes the 
vines over the cloth. Approximately 1-1/2 mMOw feetmole plants onseach row ere 
shaken to give a sample of 3 row feet. The plants are then pushed back from 
over the cloth and the insects on the cloth are counted. To provide better 
light the surveyor may stand upright with the cloth above the tops of the 
plants. 


In Arkansas, many plants tend to lean over. This may occur as a result of 
vigorous growth on the more fertile soils. Other causes are late planting, 
Eorckesvands, Or & combination of both. In these fields, the surveyor faces 
perpendicularly to a row in opposite direction of the leaning plants (fig. 2, 
‘B) . The cloth is carefully placed under the leaning plants, with the longer 
dimension parallel with the row. Plants on 3 row feet of the one row are 
shaken as described above. 





Figure 2. Obtaining soybean insects: A, from upright plants, 
B, from leaning plants. 


Additional sites are selected at random until a minimum of 10 sites have 
been sampled at locations to give field coverage. Infestations are reported 
as to number of the various species found on 30 row feet. 


This method has proved satisfactory for the various species, except three- 
cornered alfalfa hopper (Spissistilus festinus) adults which are easily dis- 
turbed and fly too quickly. The method seems satisfactory for nymphs of Aa 
species. (See following article, "Three-cornered alfalfa hopper. ") 


oN 


In sampling fields infested with corn earworm (Heliothis zea) larvae, the 
surveyor must look carefully for large larvae that may fall near the base of 
the plants or in the opposite middles and miss the cloth. Only large larvae 
are likely to do this and are easily seen. 


In surveying for stink bugs, field coverage is very important as infesta- 
tions may be very uneven. Special attention should be given to areas in the 
field near timber. Very vigorous shaking is required for stink bug survey. 


Three-Cornered Alfalfa Hopper 
Wows. «Dover 99/ 


Survey Methods Used In Arkansas 


Boyer and Dumas 100/ stated that the plant-shaking method of survey adopted 
in 1963 for soybean insects appeared to be adequate for all current economic 
pests of soybeans except the three-cornered alfalfa hopper (Spissistilus 
festinus (Say)). The habits of this species require a different approach. 


The adult, an extremely active insect, hops or flies at the least dis- 
turbance, whereas the nymph remains in place when plants are examined. During 
most of the season, nymphs feed on the main stems just above the ground level. 
A survey method for both adults and nymphs, based on these habits, was 
established. 


A standard 15-inch sweep net was used to survey the adults. The following 
three methods of sweeping were tested: 


1. Walk fast between rows and parallel with rows. In the manner of 
rowing a boat with a single oar, reach forward as far as possible and sweep 
the top of one row of beans pulling the net toward the surveyor. Approximately 
3 feet of row are swept. 


e. Walk fast between rows and parallel with rows. Sweep across the tops 
of the two rows between which the surveyor is walking. 


3. Walk across rows. Reach over a row and sweep 3 feet of tops of plants 
of second row from surveyor. 


Ten sweeps by each method were made 12 times near midday August 30, 1966, 
in Desha County. 


Method No. 1 was adopted. Method Nos. 1 and 2 were much easier to use 


than Method No. 3. The total number of insects collected by the first two 
methods was 16 to 18 percent greater than by Method No. 3. 


Department of Entomology, University of Arkansas, Fayetteville, Ark. 
100/ See previous article; 


oh 





An easy way to locate nymphs is to bend plants over on 3 feet of row. By 
this method stems may be observed immediately above the ground level. Make 
records of the number of nymphs and total number of plants including the number 
of those girdled and lodged. 


The adopted survey method consists of making 10 sweeps and examining 3 row 
feet, in a nearby area, in each of 10 locations per field. Final data include 
adults per 100 sweeps and nymphs along with girdled, lodged, and total plants 
on 30 row feet. Most of these data are quantitative. Plant and nymphal num- 
bers per acre are easily calculated as are percentages of plants girdled and 
lodged. 


STORED PRODUCTS INSECTS 


Stored Grain Insects 


5b. L. Peters — Peele Wace — pe Oem Hammer 103/ and C. E. White Lol/ 


Selecting the Site 


Survey for stored grain insects on a district basis is preferred, because 
Fewer StLOps per county canbe made. A minimum of three stops per’ county, for 
the same type of storage, should be made if the survey area is small and you 
have to survey on a county basis. 


Cautions 


1. Always contact owner or manager to obtain permission and fumigation 
f history before entering storage areas. 


2. Never enter areas under fumigation. Be very cautious about entering 
| grain storage areas that have been fumigated and supposedly "aired" out. If 
there is a question of safety, do not use this site, but go to another one 
(areas treated recently should not have many insects). If you must enter such 
| an area, see that doors are open, exhaust fans turned on, and someone standing 
moy to pull you out, if necessary. 


3. Never get on surface of grain if grain is being removed from the 
| storage area. 


| 101/ Department of Entomology, University of Missouri, Columbia, Mo. 

{ 102/ Stored Products Insects Research Branch, Market Quality Research 
Division, ARS, USDA, Manhattan, Kans. 

|  103/ Dow Chemical Company, Bio-Products Center, Midland, Mich. 

104/ Department of Entomology, University of Illinois, Urbana, Ill. 
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Forms for Recording Data 


Forms may be as simple or as complex as the individual desires. The basic 
data needed are: County, date, surveyor, type of storage, brief history of 
fumigation and control, moisture content of grain (moist or dry), temperature 
of grain, and species and numbers of insects found. 


Equipment 


A few pieces of special equipment are needed for stored grain insect 
SUrVEYS. 


- 63-inch long, 1-3/8-inch diameter space partition grain trier. 
- 6-foot section of eavestrough with one end closed. 

- No. 10 aluminum insect screen and pan. 

3-gallon metal bucket. 

- l-pint measure. 

- pelican grain sample (for elevator storage). 

=Car Cordeprobe. 

- thermometer (range approximately -30° to 120 28h) s 
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Types of Storage 


In general, there are four different types of grain storage facilities: 
(1) Farm-type storage, which may be either wooden or metal bins, usually with 
less than 3,200-bushel capacity; (2) flat storage, which is usually metal 
buildings or steel tanks with more than 5,000-bushel capacity; (3) elevator- 
type storage, which is usually upright concrete, silolike buildings with sev-— 
eral-thousand bushel capacity per unit; and (4) cribs for ear corn. Each type 
of storage requires different techniques in survey so each will be taken up 
separately. 


Commodity Credit Corporation stored grain should not be surveyed on a 
general survey. This grain is usually well treated to prevent insect damage 
and would not give a true picture of the insect population. 


Sampling Method for Insects in Farm-Type Storage 


The grain in farm-type storage is usually admitted during harvest and 
removed before the next harvest; hence, it generally has only one season of 
insect infestation. The maximum number of insects is usually found in late 
September or October; therefore, this is the best time to survey this type of 
storage. 


Take samples with the standard 5-foot grain probe from six locations--the 
center, about 1 foot from the wall at the four cardinal points of the bin, and 
the surface. When the bin is first entered, take a surface sample by inserting 
the closed probe 1 inch deep, parallel to the surface of the grain with the 
openings up. After the probe is inserted, open it and allow it to fill with 
grain; then close the probe, withdraw it, and empty sample into eavestrough. 
Empty the eavestrough into the bucket. 
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If time permits, sample the entire depth of grain by adding extensions to 
the trier. Probe the full length of the 5-foot partition grain trier straight 
down into the grain mass at five points--the north, east, south, west, and 
central points in the bin. Keep 1 foot away from the wall. If bin is too full 
to allow the trier to be pushed straight down, push it at an angle so that the 
point will be 1 foot from the wall. 


For shallow bins, one probe from each location is sufficient. If the 
grain is deeper, from two to three probes must be taken from each location by 
using extensions on the probe so that samples can be taken from a vertical 
column from the surface to the bottom of the bin. After each sampling, empty 
the trier into the eavestrough and empty the material in the eavestrough into 
the bucket. Mix the samples in the bucket, remove 1 pint of material from the 
top, pour out the remaining material from the bucket, and retain the last 1- 
|. pint sample for examination. Put the two pint samples in the number 10 screen 
and sieve the debris into the pan. Examine the material remaining on the 
screen for Indian-meal moth (Plodia interpunctella (Hiibner)), dermestids, ca- 
delle (Tenebroides mauritanicus (Linnaeus)), mealworms, flour moths, Angoumois 
grain moth (Sitotroga cerealella (Oliver)), larger black flour beetles, and ~ 
Other insects too large to go through the screen. Observe the debris in the 
pan for the smaller insects such as the saw-toothed grain beetle (Oryzaephilus 
surinamensis (Linnaeus)), flat grain beetle (Cryptolestes pusillus (Schonherr)), 
granary weevil (Sitophilus granarius Gieisy:. rice weevil & oryzae 
(Linnaeus)), flour beetles (Tribolium spp.), and lesser grain borer (Rhyzopertha 
dominica (Fabricius) ). 


Because of the time involved, only the top 5 feet of grain are sampled on 
a@ general survey. Report the number of insects per 2-pint sample. 


Sampling Method for Insects in Flat Storage 


The sampling procedure for flat storage is different from farm-type storage 
because the grain mass is larger and covers more surface area. More samples 
must be taken. Two surface samples are taken, one in each half of the storage 
area, midway between the end and center of building. Insert the closed probe 
parallel to surface of the grain, 1 inch deep with the openings in the trier up, 
Pom tnacetne ~rainstalls into the trier when it is opened. The. grain trier ic 
probed as in farm-type storage, but the samples are taken midway between the 
center line and each wall at 15-foot intervals from one end of the building to 
the other. Mix all samples in the bucket and examine the debris from the first 
and last pints of grain for the presence of insects. Report the number of 
insects per 2-pint sample as in farm-type storage. 


Sampling Method for Insects in Elevator Storage 


The sampling procedure for elevator bins is complicated by the depth of 
the grain and the difficulty of reaching the surface of the grain from the 
headhouse floor. The simplest sampling method is to run the entire bin and 
take samples periodically from the grain stream with a "yelican" sampler, 
unless special equipment is available to take probe samples from the top of 
the bin or the elevator is equipped with an automatic sampler. This method 
takes considerable time and is not always feasible. 


i 


since infestation in elevator bins is most frequently found in the grain 
at the surface and the bottom of bins, the following method has been adopted 
for routine examinations. 


Caution.--Do not enter bin. Take a surface sample from each bin by 
lowering an automatic sampling device on a rope to the grain level from the top 
of each bin. This device consists of a cylindrical container, the two halves 
of which are held open by springs. On contact with the grain, the two halves 
snap shut and capture approximately a gallon of grain. A sample from the bot- 
tom of the bin is obtained by running the bin for 1 om 2 minutes duringawoae. 
period five passes are made through the falling grain stream with a bucket or 
a "pelican" grain sampler. If the surface of the grain can be reached by 
attaching extensions to the probe, take two 5-foot samples with the grain 
trier. After thoroughly mixing the samples, examine first- and last-pint 
samples as before. Report the number of insects per 2-pint sample as in farm- 
type storage. 


pamp ling, Method, Lom insectsaim Cri bssror, Mary corn 
Insert the tip of the ear-corn probe between the boards of the crib and as 
far into the crib as the depth of the probe. Do this at four equally separated 


points in round or square cribs and every 15 feet in rectangular cribs. 
Determine the percent of insect-damaged kernels. 


General Sampling 


In many instances, moths may be resting on ceilings, exposed bulkheads, 
and on the grain surface. Record the number per square yard. 


Examine piles of dust and debris for insects by screening the material. 


Check areas where moisture is high and there are deposits of moldy, 
spoiled grain for meal moth (Pyralis farinalis (Linnaeus)) and psocids. 


If a Boerner grain divider is available, it will be useful in cutting 
large total samples to the amount needed. 
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SUGARCANE INSECTS 


Sugarcane Borer 


Ralph Mathes, Leon J. Charpentier, and W. J. McCormick 2 


Determining Infestation at Harvesttime 


Method used in Louisiana.--Surveys to determine sugarcane borer (Diatraea 
saccharalis (Fabricius infestations in Louisiana are made at time of harvest 
each year. Examinations are made at 22 mills located in 15 of the 16 sugar- 
cane-producing parishes that have mills. Two representative mills in each of 


_ the parishes producing 6 percent or more of the State acreage and one each in 


the group producing below 6 percent are surveyed. The survey mills. process 
more than one-half of the total gross tons of sugarcane ground for sugar. 
Early (October) and late (December) examinations are made at each mill to 
obtain data on both plant and stubble (ratoon) crops. Each mill average is 
given equal weight in determining the infestation average for the State. In- 
festation counts consist of the percentage of joints (internodes) bored as 
determined from total number of joints and joints showing external signs of 
borer injury. From the mill stock piles, 20 five-stalk samples selected with- 
Out bias are examined on each date and at each mill. If under 10 percent of 
the joints are bored, infestation is considered to be very light; 10 to 20 
light; 20 to 30, severe; and over 30, very severe. The percentage of crop loss 
for each 1 percent joints bored is conservatively estimated to be three-fourths 
or il percent. 


Method used in Florida.--Surveys to determine sugarcane borer infestations 
in Florida are made, also, at harvesttime each year. Examinations are made in 
approximately 40 representative fields of sugarcane well distributed over the 
sugar-producing area. Individual fields are sampled by counting the total num- 
ber of joints and externally apparent bored joints of 10 consecutive stalks in 
each of five locations. The samples are taken about 100 feet apart in the 
central one-third section of the field. Up to 5 percent of the joints bored is 
considered to be a light infestation; 5 to 10, moderate; and: over 10, heavy. 
The percentage of crop loss for each 1 percent joints bored is conservatively 
estimated to be 1 percent. In Florida the average infestation is less, and the 
loss per unit of infestation is more than it is in Louisiana. 


Determining Overwintering Mortality and First-Generation Infestation 


To determine effects of climatic conditions on overwintering populations 
in Louisiana, surveys are made during late February. To determine first- 
generation infestation for an estimate of the probable infestation and control 
needs during the growing season, surveys are made in late May and early June. 


105/ Grain and Forage Insects Research Branch, sntomology Research 
Division, ARS, USDA, Houma, la. 
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The February examinations are made in 10 parishes that have past histories 
of heavy borer infestations. The survey consists of dissecting cane tops and 
pieces of mature stalks left in the fields during the previous harvest until a2 
total of 100 borers is recorded for each parish. The first-generation popu- 
lation, in terms of borer-killed dead-hearted plants, is determined by exam- 
ining one 1/100-acre single row sample in each of 75 to 100 representative 
ratoon fields scattered in at least 10 parishes. From these counts, a figure 
representing the average number of deadhearts per acre is calculated for each 
parish. An average infestation of up to 300 deadhearts per acre is considered 
light; 300 to 600, medium; 600 to 1,000, severe; and over 1,000, very severe. 


TOBACCO INSECTS 


Determining Insect Damage on Shade-Grown Tobacco 


F. 8. Chamberlin 106/ and} ©. Shit eGencry 107/ 


A field method of determining insect damage was developed for shade-grown 
cigar-wrapper tobacco at Quincy, Florida, in 1937. Its application apparently 
gave a fairly reliable index of the damage caused by hornworms, budworms, and 
flea beetles. The method was based upon the local tobacco packinghouse break- 
age grade system. The sales value of cigar-wrapper tobacco has advanced 
greatly, and the breakage-grade system has undergone some changes since 1937 
but the same principles of damage determination should be applicable today. 


The breakage-grade system assumes that four cigar-wrapper cuts will be 
taken from each uninjured leaf. Very small holes close to the margin or midrib 
do not prevent the leaf from being classified in the first or "uninjured" 
grade. Leaves having about 25 and 50 percent of their area injured are placed 
in the second and third grades, respectively. All injury below the third grade 
places the leaves in the fourth or "brokes" grade. The average percent reduc- 
tion in value in the three grades is shown in the table on the following page. 


106/ Deceased, formerly with Plant Pest Control Division, ARS. 
107/ Vegetable and Specialty Crops Insects Research Branch, Entomology 
Research Division, ARS, USDA, Quincy, Fla. 
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Average percent reduction in the value of wrapper tobacco in 
breakage grades 2, 3, and 4 


ee ae a 
Average percent 


Average selling FeCiet] Ogme ts 
Holes and breakage Grade pricey per pound value 
Dollars 

Leaves average 95 to 100 

percent uninjured i Sines O 
About 25 percent of leaf- 

surface damaged 2 2.44 25 
About 50 percent of leaf- 

surface damaged 3 T200 69 
All below third grade 

"prokes" 4 725 92 





In the packinghouses, cured and sweated wrapper tobacco is graded for 
insect damage and other breakage by ordinary labor. In the field, the same 
grading can be performed by an inspector who must be able to differentiate 
between injuries caused by the feeding of hornworms, budworms, and flea beetles 
and the injuries produced by other causes. Discrimination between these dif- 
ferenty types: Of. injury is performed most easily in the field. 


tmepractice the scoring of insect injuries was performed in each field on 
PivewlovesorelOnplants cach. Four of these lots were located 25 to 30 feet 
icromecacisOol, tne Tour respective corners of the field. The fifth lot was 
chosen near the center of the field. The leaves on the 50 plants were first 
counted and then scored separately for observable injuries produced by horn- 
WoLmMsmebUGWwOrMms, anda 2lea beetles. The average reduction in value caused by 
the respective insects was easily computed. 
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VEGETABLE INSECTS 


Onions 


Onion Thrips 
ce tele sleleiiarelte 108/ and W. E. Peay 109/ 


Onion, thrips (Thrips tabaci Linderman) populations can be determined by 
taking samples of onion tops and placing them in cardboard tubes that have an 
inside diameter of 5-1/8 inches and a height of 7 inches 110/. ‘The tubes have 
cloth tops with a slip-on metal cover to close the open end. Individual sam- 
ples, consisting of 10 cnion plants cut off just above the ground, are placed 
in the tube with the butt ends against the cloth and the projecting Lope seus 
off level with the cylinder. 


If thrips populations are being determined from onion seedheads, a sample 
of five heads is used and the same procedure followed as for onion plants... The 
Slip-on lid is replaced by a metal funnel having a l-inch vertical band around 
its top to provide a close fit with the cardboard tube. The funnel is attached 
through a cork to a small jar containing a 0.5-percent solution of formalin. 
The thrips are separated from the sample by drying at 115° RP. for 2e hours 
This causes the thrips to leave the sample and fall into the formalin solution, 
from which they are later strained and counted. The formalin protects the 
thrips from molds in case the counting is delayed. The strainer also serves as 
@ counting device. It consists of a piece of black cloth on which guidelines 
three-eighths inch apart are stitched with white thread and cemented to a metal 
ring of convenient size to be used under binoculars. Before beginning the 
counts, the cloth is pressed firmly on an absorbent material to draw out the 
excess moisture remaining in the cloth. The number of samples will depend upon 
the size ef the field om plot. 


Peas and Beans 


Pea Aphid 
W. E. Cook 111/ 


Two methods are commonly used in measuring populations of pea aphid 


(Acyrthosiphon pisum (Harris)), the choice of method depending upon the host 
plants and size of the aphid population. 


108/ Retired, formerly with Bureau of Entomology and Plant Quarantine, ARS, 
USDA. 

109/ Vegetable and Specialty Crops Insects Research Branch, Entomology 
Research Division, ARS, USDA, Twin Falls, Idaho. 

110/ Shirck, F. H. Collecting and counting onion thrips from samples of 
vegetation. Jour. Econ. Ent. l(a 13 Sole 

da); Deceased, formerly with Fruit and Vegetables Research Branch, 
Entomology Research Division, ARS, USDA. 
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Sweep Net Counts 


The sweep net is used in very low aphid populations, such as those 
occurring in alfalfa late in the summer or in peas just after the spring move- 
ment of aphids from alfalfa. A standard 15-inch collecting net is used, and a 
brisk sweep of about three-fourths of a circle is taken. (Two sets of samples 
are taken in representative parts of each field.) In taking a series of Sweeps, 
the operator moves forward one or two steps at each sweep, to sample previously 
undisturbed foliage. A few exploratory sweeps are taken to determine the size 
of sample. In general, a sufficient number of sweeps should be taken to col- 
lect from 50 to 100 aphids, but in very low populations this may not be possi- 
ble. Under these conditions, a sample of 25 or 50 sweeps should be taken. 


Tip ceutte 


The tip count is used in general survey work on moderate to high popu- 
lations. ‘The operator walks across the field holding an open paper sack in one 
hand and picks tips at random with the other hand. The tips are from 4 to 6 
gmches long and are picked. with a twisting motion of the hand so that the tip, 
when severed, is held over the open palm, to catch any aphids that may be dis- 
lodged. . The tips are dropped into the paper bag. The paper bag is then closed, 
stapled, and taken to the laboratory for counting of the aphids. At the labo- 
ratory the bags are placed in a large container and fumigated with a few cubic 
centimeters of methyl-iso-butyl ketone for about 10 minutes. This makes the 
ephnids loosen their hold on the plants. The contents of the bags are then 
shaken over a 4-mesh screen so that the aphids drop through and the plants 
remain. Flat black or white boards may be used to catch the aphids for 
counting. As with the sweep net, the number of tips per sample is varied with 
the aphid population. Two 50-tip samples are needed for populations much lower 
TAChmonemeapiid per tio, Woile two 5- or 1O-tip samples are sufficient for aphid 
POpmuatveone l1chem chan lO per tip., Lt is generally difficult to count more 
chan 300—tO 500 aphids per sample; therefore, in high populations, the number 
of tips per sample should be reduced to give about this total number of aphids. 


Correlation of Methods 


Because of the varying conditions under which the above methods are used 
Srdimiariiy, a close correlation is not possible. However, in general on alfal- 
fa a population of one aphid per tip is about equal to 30 aphids per sweep. 

On peas, a population of one aphid per tip is about equal to three to four 
aphids per sweep. 


Peas Weevil 
Herieuluiral Research Service 
Pea weevil (Bruchus pisorum (Linnaeus)) populations in infested pea fields 
are most often concentrated in a narrow zone around the edges, especially in 


larger fields. Because of this, applying eontrol measures to the entire field 
is frequently unnecessary. 


Ley 


Parts of the field that require dusting may be determined quickly and 
accurately by making adult counts with a 15-inch insect net. Counts are made 
by sweepings soon after the first blossoms appear and before controls are 
applied. The inspector goes into the field in several places on each of the 
four sides or at intervals in an irregularly shaped field. Two or more 25- 
sweep collections are made at each selected kocation (beginning av edge o1 
field'or 100° feet “inside the margin), With strokes across the upper parts or 
the vines spaced at one or two paces. As each collection is completed, weevils 
are counted and the number and location recorded on a rough diagram of the 
field. Inspection progresses at 100-foot intervals toward the center of the 
planting until no weevils are found. 


In peas grown for seed, survey is made toward the center of the field to 
the point where weevil numbers fall below the economic level. 


in an average field of peas, 1t as difficuly to accurately establish an 
expected infestation rating from a given number of weevils, as determined by 
sweeping with an insect net, because of weather and time of season. Weather 
has an important effect on both yield and weevil activity. The same number of 


weevils produce a greater infestation in late varieties than in early varieties. 


A population of five weevils per 50 sweeps may cause infestation at the canning 
stage of 1 to 2 percent in early varieties, whereas the same population may 
cause infestation at the same stage of 10 to 25 percent in varieties blooming 
after June 15. An infestation of one weevil in 25 sweeps on the growing plants 
at time of blooming causes from 3 to 8 percent infestation in peas harvested 
for seed. 


In making this survey, particular attention is given to areas in the 
field most likely to be severely infested including borders adjacent to wooded 
or brushy areas, buildings, ravines, gullies or any area where the first peas 
blossomed. After the initial inspection, fields are rechecked 18 to 2 hours 
after dusting to determine the effectiveness of the control Operation. 
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Western Bean Cutworm 
TeeaDousiass 212/ 


The examination of beanfields for western bean cutworm (Loxagrotis albi- 
costa (Smith)) should be first directed toward the detection of holes in the 
pods by the larvae and, second, if they are found, toward the cutworm itself. 
mince Ouner insects eat similar holes in the pods, the presence of the larvae 
Miceeoe hound Or positive identification. If the beans have not been cut, an 
examination should be made of 100 feet of row located in the center of the 
field and 100 feet of row located near the approximate center of each quarter 
Of the field, involving the examination of a total of 500 feet of row per 
tield. 





To facilitate turning the vines and exposing the pods, a vine lifter (see 
diagram) could be used to advantage. The handle is made from 1-5/8-inch by 

3/4-inch lumber and is 39 inches long. The, blade 
is made from 1-1/4-inch by 3/8-inch lumber and is 
ijenocies slone.. Jt holes are noted yin the bean 
pods, the plants should be slapped so as to knock 
any larvae that may be on the plants into the 
middle of the row. The soil under the plants 
should also be examined for these larvae, since 
they often burrow into the soil around the plants. 
If the bean plants have been cut and windrowed or 
shocked, an examination should be made of 20 feet 
of windrow in the center of the field and 20 feet 
located near the approximate center of each quarter 


of the field, involving the examination of 100 feet 

of row per field. Onvexamining the row, the vines 
i should be raised, shaken, turned, and placed to one 

side. larval pellets drop on the soil surface, and 


Vine sii cer, when they are observed either under the plants or 
windrows, the larvae are often readily found. 


For the distribution and description of the insect see J. L. Hoerner's 
arcLele on vwhis cutworm 113/. 


le Retired, formerly with Vegetable and Specialty Crops Insects Research 
Branch, Entomology Research Division, ARS, UsvA, ht .eCollins .iCole. 
ae Hoerner, J- Le The cutworm Loxagrotis albicosta on beans. Jour. Econ. 


Ent. 41(4) : 631-635. 1948. 
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Potatoes 


Aphid Populations on Potatoes in the Northeast 
W. A. Shands iih/ and G. W. Simpson 115/ 


Survey Methods in Maine 


Populations of aphids in northeastern Maine are determined at intervals 
on potatoes receiving no insecticidal treatment and on potatoes treated com- 
mercially for the control of insects. In this area the potato plants usually 
are infested by winged and wingless forms of four species of aphids--buckthorn 
aphid (Aphis nasturtii Kaltenbach), foxglove aphid (Acyrthosiphon solani 


(Kaltenbach)), green peach aphid (Myzus persicae (Sulzer)), and potato aphid 
(Macrosiphum euphorbiae (Thomas) ). 


The wingless forms--ordinarily by far the more numerous on the plants-- 
cause direct feeding damage to the potato plants and also serve as vectors for 
certain virus diseases of potato. The winged forms are often of more impor- 
tance than the wingless forms in spreading the virus diseases within and 
between fields of potatoes, and they also colonize plants in widely separated 
parts of the field. One species of aphid may be of greater importance than 
another as a vector of certain of the virus diseases and in causing direct 
feeding damage to the potato plants. Therefore, in all aphid population 
counts, a record form is used to show the number of each species found on each 
sample unit. 


Number and Location of Sample Units 


Experience has shown that it is not practical to determine aphid popu- 
lations in an entire potato field. Consequently, the sample units are limited 
to 1 square acre in each field of commercially grown potatoes examined. One 
hundred sample plants are located mechanically at random over the acre by a 
screen-grid method. 


Unit ang soubuild ts eo. Sample 


Early in the season, when plants and aphid populations are small, the 
entire hill is examined. After the plants are about 8 inches high the exami- 
nations are confined to three leaves on each sample plant. The leaves are 
examined in situ, care being taken not to disturb the aphids. One leaf is 
located at random within each of the top, middle, and bottom thirds of the 
plant height or stalk length. Later, if larger numbers of aphids develop, 
only the terminal and the two basal (lateral) leaflets of each leaf in each of 
the three standard positions are examined. Typically, potato leaves have 





Se 


alae Vegetable and Specialty Crops Insects Research Branch, Entomology - 
Research Division, ARS, USDA, Orono, Maine. 
115/ Department of Entomology, University of Maine, Orono, Maine. 
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seven leaflets--a terminal and three pairs of laterals. If still later, even 
larger numbers of aphids develop, the subunits consist of only half the area 
of these three leaflets in similar positions. All the leaf area on one side 
of a midrib of a leaflet constitutes a half leaflet. Detailed studies have 
shown that this is a valid sampling procedure. These half-leaflets are chosen 
so that 50 percent of them are on one side of the leaflet midrib and the rest 
on the other. For any one sample plant, however, the same side of the midrib 
for all nine of the half-leaflets is used. 


Expressing aphid populations.--Populations are stated in terms of the 
average number of aphids of each species per plant. Winged and wingless forms 


are recorded separately. xcept when the entire hill is used as the unit of 
sample early in the season, the number of aphids determined as the average is 
the average of those found on three whole leaves per plant. When the subunit 
consists of leaflets one, four, and seven, the three-whole-leaf basis is 
approximated by dividing the average (for the one, four, and seven leaflet 
basis) by 38.1 and multiplying by 100. This formula was derived from a study 
of aphid distribution on potato leaves. Likewise, the three-whole-leaf basis 
is approximated for counts involving subunits of one-half of leaflets one, 
four, and seven by using 19.05 as the factor instead of 38.1. 


Information from surveys following this procedure permits comparisons 
between aphid populations at different locations, as well as among the popu- 
PaLioOlewor DieslOCOur Species of aphids involved. Because of differences in 
growth habits of different potato varieties, population comparisons between 
varieties and between years may be of less value. When made at regular inter- 
vals throughout the season in the same locations, the counts indicate locality 
differences in rates of population increase. Actual aphid populations per 
plant--when subunits of sample are involved--can be approximated by multiplying 
the averages for the three-whole-leaf basis by one-third of the average number 
of leaves, per stalk and that by the average number of stalks per hill. 


Green Peach Aphid on Potatoes in the Northwest 
B. Js Landis and D. M. Powell 116/ 


Only the green peach aphid (Myzus persicae (Sulzer)) occurs in sufficient 
numbers to cause direct feeding damage to potatoes in the intermountain area of 
the Northwest. The extent of overwintering is indicated by the number of eggs 
found per 6 inches of twig in 25-twig samples taken from each of four peach 
orchards in February. At this time the location of 100 eggs is marked on the 
trees. The start of hatching and 50 and 100 percent of hatch is determined by 
examining those eggs every 2 weeks. This information is of most use to 
orchardists in planning their control program. Because of the long-growing 
season in some parts of the Northwest and the ability of some of the summer 
forms of the green peach aphid to survive most winters where there are also 
peach orchards, no good correlation has been shown between populations of stem 
mother aphids on peaches in February and March and peak populations of aphids 


on potatoes in June and July. 


116/ Vegetable and Specialty Crops Insects Research Branch, Entomology 
Research Division, ARS, USDA, Yakima, Wash. 
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The start of aphid flight from peach trees or hardy weeds in the spring, 
and the seasonal intensity of flight from May to October, is determined from 
twice a week examinations of four, or more, Moericke-type traps that are 
placed at ground level near potato fields. This trap consists of an aluminum 
stew pan 8 inches wide and 2-1/2 inches high. Chrome-yellow enamel paint is 
applied to the inside of the pan to within 1 inch of the top. ~A-quartvoteyware™ 
in each pan serves as a trapping medium. The aphids are removed for identi- 
fication and counting by pouring the water through a fine-mesh wire screen 
fVOnel. 


Starting when the potato plants are 4 inches high, and continuing at 
approximately 14-day intervals until the early crop is harvested or the late- 
crop plants are frosted, 50 compound leaves are picked at random one leaf per 
plant from the base of the plant in four fields of approximately the same 
planting age. Three categories of aphid abundance are obtained from the trap 
or leaf-sample examinations. 


Number of winged Number of wingless 
aphids per trap aphids per 50 com- 
Classitication (3- to 4-day collecciony pound leaves of potato 
Light OR ctOn oO OLitor pO 
Moderate URE hefey. 16G)6) 5intOeD OS 
Heavy 101 to over 1,000 501 to over 2,000 


Potato! Psyilid 


ify faa SSE 


To determine the abundance of potato psyllid (Paratrioza cockerelli 
(Sulc)) populations, adult counts are made in approximately 10 potato fields 
per county, selected at random and examined at 1- to 2-week intervals during 
the growth of the plants. 


Potato psyllids are most numerous near the edges and progressively 
diminish in numbers toward the center of the potato fields. Adult counts are 
made with a 15-inch insect net of unbleached muslin. Starting at one edge of 
the field and working toward the center along the rows, 50 sweeps are taken at 
intervals of about one pace. The net is swept briskly across the tops of the 
plants, covering approximately two-thirds of the net opening with the tops of 
the plants. Sampling is continued toward the center of the field, in unitemen 
20 sweeps, until two to four units of samples are obtained, depending on the 
size of the field. Counts are recorded in numbers of psyllids per 100 SWeeDps. 


a 


1l7/ Vegetable and Specialty Crops Insects Research Branch, Entomology 
Research Division, ARS, USDA, Yakima, Wash. 
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Although survey records are based on adult counts, egg and nymph counts 
may be made, if desired, by taking 50-leaflet samples at the same location that 
the adult counts are ey One leaflet is taken from near the center of each 
of 50 plants. The leaflets are examined in the laboratory under a low magnifi- 
cation lens and the eggs and nymphs are recorded in numbers per 5OSLearlervs. 





Sugarbeets 


Beet Leafhopper Survey Using a Standard Sweep Net 
118 





H. Green 


While a sweep net is not considered as accurate as some other methods of 
survey for beet leafhopper (Circulifer tenellus (Baker)), it is considered 
faster and its use will permit a practical estimate of leafhopper populations 
in a given area. 





In using a sweep net, similar in form and size to a standard butterfly 
collecting net, three important factors must be considered: (1) weather, (2) 
condition of the host plant, and (3) type of host plant. 


Weather 


Leafhoppers are not particularly active in temperatures below 60° ers 
lower temperatures forcing them close to the ground where they would be diffi- 
cult to pick up with the net. Wind also will cause leafhoppers to remain well 
Witoin the protection: Or the host plant. In either case it would be difficult 
tO pick up a4 true representative population with a net, and collecting should 
be-avoided under such conditions. 


Condskuvon One une Host 








On oceasion the host plant may ‘be quite dry, thus forcing concentrations 
Otmvecc Us leotm@opper Cntlo the ereener plants, which should then be.made the 
ODJeCcc, Of Sweeping. 


Type of Host Plant 


The manner-of sweeping depends on the type of host plant involved. In the 
ease of mature Russian-thistle and perennials, as normally encountered in the 
Taliwesurvey is based on the number of leafhoppers recovered in a single sharp 
90° sweep of the net. On the smaller winter annuals, 3-foot sweeps of the net 
should be made rapidly back and forth as close to the ground as possible. Ten, 
25, or 50 such sweeps, depending upon the population, should be taken. The 
number of leafhoppers thus recorded is based on the average number per sweep in 
relation to the number of sweeps made. 





118/ Retired, formerly with Bureau of Entomology California Departmhent of 
Agriculture, Fresno, Calif. 
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In general practice, survey is accomplished by sweeping at one-quarter to 
one-half mile stops throughout favorable-looking areas. Except where a single 
sweep is used on mature thistle and large perennials, the usual practice is to 
take 10 sweeps. However, if the population of leafhoppers is exceedingly low, 
as many as 50 sweeps may be used for each check. Where 10 sweeps are used, 
at least 10 such unit checks at each location are customarily made. 


Generally speaking, an average of five leafhoppers per 10 sweeps is con- 
sidered the minimum economic population meriting treatment. However, under 
certain conditions, an average of two or three leafhoppers per 10 sweeps over 
a large area can produce damaging numbers. 


During spring, survey is restricted to warm knolls with a southern expo- 
sure and sparse growth favorable to development of the spring generation. In 
such areas, sweeping is used to determine the need for treatment and, later, 
to check the time and extent of the spring flight into agricultural areas. The 
number of female leafhoppers at the time of checking is used to determine the 
time and extent of the spring flight into these areas. Such survey is usually 
made by using the 10-sweep unit, sweeping as close to the ground as possible. 


Beet leafhopper Survey Using Square-Foot Sampler 
J. R. Douglass 119/ 


Spring surveys are made annually, generally during April, to determine 
the abundance and distribution of overwintered beet leafhoppers (Circulifer 
tenellus (Baker)) and their principal wild host plants in representative 
spring breeding areas in southern Idaho and eastern Oregon. To measure leaf- 
hopper abundance, 50 samples are taken at random at. 3-mile intervals along the 
routes traveled where wild host plants occur. The counts are made with the 
Hike? eo square-foot sampler, which traps the insects in a cage. The kind, 
Stand, distribution, and condition of wild host plants are recorded. The 
population is expressed in the number of leafhoppers per sample or per 100 
square feet of weed-host area. 


Beet leafhopper counts are made in sugarbeet fields with the square-foot 
sampler. The samples, which include more than one plant in unthinned fields 
but single plants in thinned fields, are taken at random along the beet rows. 
Generally, 100 samples are taken in each field, 25 samples in each quarter. 


The average population of leafhoppers is expressed in the number per sample or 
perebesteplanc. 


. 119/ Retired, formerly with Vegetable and Specialty Crops Insects Research 
Branch, Entomology Research Division, ARS, USDA, Ft. Collins, Color 

120/ Hills, O. A. A new method for collecting samples of insect popula- 
tions. Jour. Econ. Ent. 26(4): 906-910. 1933. 
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Surveys are made in September to determine the magnitude of fall popula- 
tions of the beet leafhopper in Russian-thistle areas and the extent and loca- 
tion of such thistle areas in southern Idaho and eastern Oregon. The transect 
method of recording plant cover is used to determine the acreage of Russian- 
thistle. The number of miles traveled and the miles of Russian-thistle 
observed on each side of the road are recorded. The approximate number of 
square miles of Russian-thistle within each area is determined by means of the 
following formula: 


Transect miles of thistle = x(thistle area in square miles) 
Transect miles Total area in square miles 


Quantitative samples with a 1/2-square-foot sampling fork ety are used 
in determining the population of leafhoppers. Ten fork samples are taken at 
each stopping point, the number of stops depending upon the area and condition 
of the Russian-thistle. At each stopping point, the Russian-thistle stand is 
| determined by means of the pacing method. This consists of taking 250 double 
_ paces through the host-plant area. ‘The number of living plants touched by the 
_ toe of the right foot in moving through an area is counted. From this figure 
the percentage stand is calculated; for example, if there were 125 living 
plants touched by the toe of the right foot in moving 250 double paces, the 
Boandeis 50 percent. The condition and height of the thistle are recorded. 
| From this information, the areas of Russian-thistle are computed and corrected 
to a 100-percent stand. By using the average density of leafhoppers per unit- 
| area and the acreage of thistle, the approximate number of leafhoppers can be 
determined. As an example, if Russian-thistle occupied an average of 54 
percent of each acre examined and if the thistle plants were infested on an 
average by 57 beet leafhoppers per square foot of land surface occupied, on 
this basis there would be approximately 1,340,000 beet leafhoppers per acre. 
This survey gives the acreage of Russian-thistle and the size of the fall popu- 
lation of leafhoppers in the summer breeding areas. The principal breeding 
areas of the beet leafhopper in the Western States have been located and 
delimited, and the surveys are confined to these areas. 








Tomatoes 


Tomato Fruitworm 


W. E. Peay mee) 


| Surveys should be conducted weekly from late June to late August in the 

i tomato-growing areas of Utah to determine the expected populations of tomato 
fruitworm (Heliothis zea (Boddie)). Eight samples, each sample containing 25 
compound leaves, should be taken at random in each of two fields in the various 
localities. A total of 16 to 20 fields surveyed over the entire area would be 
sufficient. Each sample is taken by beginning either at the top or at the 





1217 Lawson, F. R., Fox, D. E., and Cook, W. C. Three new devices for 
measuring insect populations. U.S. Bur. Ent. and Plant Quar. PT-163,-0epp. 2941. 
| 122/ Vegetable and Specialty Crops Insects Research Branch, Entomology 
| Research Division, ARS, USDA, Twin Falls, Idaho. 
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bottom of a branch and examining both sides of all the leaves for tomato 
fruitworm eggs. Leaves containing eggs should be removed from the plants and 
the eggs examined under a hand lens to determine definitely if they are tomato 
fruitworm eggs. The number of fruitworm eggs per 100 leaves is then recorded. 
With this information as a basis, the average number of eggs per 100 leaves is 
estimated for the entire tomato-growing area each week. 


In Utah the presence of an average of 1 egg per 100 leaves anytime during 
the period of fruit setting will result in 2 to 5 percent "wormy" tomatoes, 
which is sufficient to justify control measures. 


EQUIPMENT AND TECHNIQUES 
Blacklight Trap Standards for General Insect Surveys 123/ 
WoC He raine L2u/s ge Ceuner eset <2/ meandee ne nren yn 


Insect traps utilizing blacklight lamps have become valuable tools to 
entomologists and others in recent years as aids in determining the time of 
appearance and seasonal abundance of important insect pest species. 


In general insect pest surveys, several different kinds of blacklight 
traps are used in the United States at present. There is a definite need for 
trap standardization rather than the use of traps of several different designs. 
The use of a standard blacklight trap would aid greatly in making catches from 
the same area, or from different areas, more comparable. 


The Committee on Insect Surveys and Losses, Eastern Branch of the Ento- 
mological Society of America embarked on a project during 1964 aimed at the 
recommendation of standards for blacklight traps. On the basis of the results 
from a questionnaire sent to 50 State and USDA workers and literature review, 
the Committee recommends that certain trap design standards be used in general 
insect survey work. The design should include: one 15-watt blacklight lamp, 
omnidirectional design, baffles, no fan, 10- to 18-inch funnel opening (top 
diameter), and a collection container capacity over 1 quart. For speciiica- 
tions of the standards and pertinent additional recommendations see the 
illustration on following page. 


1237 Adapted from Ent. Soc. Amer. Bul. 12(1): 31-32, 1966. 

124/ Department of Entomology, University of Maryland, College Park, Md. 

25/, Farm Electrification Research Branch, Agricultural Engineering 
Research Division, ARS, USDA, Beltsville, Md. 

126/ Plant Pest Control Division, ARS, USDA, Hyattsville, Md. 
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Standards: 


a 


Die 


Attractant--one F157T8/BL lamp (15-watt black- 
light) mounted vertically. See A. 


Position of lamp--bottom even with rim of 
funnel, lower lampholder below rim. 


Four baffles (two crossed), dimensions; 
Uotalewidtun 14" total height above funnel 
rim 19"-20"; clearance between inner edge 
and lamp 1/4"-1/2". See B. 


Funnel-slope 60°; top diameter 14" (approx. 
3/4 length of lamp); bottom opening diameter 
2''3 lower end inserted into top of collec- 
tion container 1/4" to form drip rim for 
water. See C. 


No large canopy over top of baffles (such a 
cover reduces catches of some species). 


Additional Recommendations: 


ie 


Wiring system showing Underwriters' Labora- 
tories (UL) seal of approval. 


Electrical components mounted -either on side 
Or top. bui.if on top the area of obstruction 
to light not to exceed a 5" square (25 sq. 
sae NE 


Use of a side-emptying drain placed in cover 
of collection can to leave collection con- 
tainer unobstructed. See D. Pan diameter at 
least 4\", depth 1”, drain opening 1/2" X 1" 
minimum. — 


Collection container designed for use of 
less harzardous killing agents, such as 
ethyl acetate (as compared to calcium 
cyanide) through use of insert funnel with 
sealing gasket, 45° slope and 2" opening. 
pee E. 


Material--26 gauge galvanized steel 
minimum. 


IS 


It should be emphasized that the Committee's chief concern is with black- 
light traps used in general insect survey programs employed to determine the 
time of occurrence and abundance of established insect pest species, such as 
the corn earworm, fall armyworm, EBuropean corn borer, and cabbage looper. ‘The 
Committee fully recognizes the separate need of specially designed survey traps 
for the purpose of detection or research. 


Fly Baits and Traps 


L. E. Jenkins 127/ 


Bait traps, using several attractants, particularly hydrolyzate materials, 
attract a wide variety of Diptera. Bait traps are successful in determining 
emergence, broods, and seasonal activity of the sugar-beet root maggot 
(Tetanops myopaeformis (Réder)), seed-corn maggot (Hylemya platura (Meigen)), 
wheat stem maggot (Meromyza americana Fitch), and spinach leaf miner (Pegomya 
hyoscyami (Panzer)). 


Materials used in bait traps for sugar-beet root maggot adults were: 


Bait A--Dylox 1 0oz., sugar 1 lb., water 2 qts. 

Bait B--Dylox 1 oz., sugar 1 lb., water 2 qts., yeast hydrolyzate 

One =e O27 ae 

Bait C--Dylox 1 oz., sugar 1 lb., water 2 qts., casein hydrolyzate 
one-half oz. 

Bait D--Dylox 1 oz., sugar 1 lb., water 2 qts., soy hydrolyzate 
one-half oz. 

Bait E--Dylox one-half oz., water 1 pU., protein baiteNo we se 





OZ. 
Bait Be ee one-half oz., water 1 pt., protein bait No. 7 ses 
OZ. 


Trapping procedure and results were as follows: A wood cylinder eee 
inches in diameter by 3 inches long, or a corn cob 3 inches long, was dipped in 
one of the above baits and suspended over the 6-inch funnel of a Japanese 
beetle trap or 4 similar funnel-type trap. (See illustration on page 115.) 
Flies attracted to the bait dropped into the container under the funnel. All 
of the above baits caught adults of the sugar-beet root maggot. Bait A caught 
the most and bait D was next in numbers. Bait B, containing yeast hydrolyzate, 
fermented and did not attract many of the root maggot flies but did attract and 
kill many sarcophagids and calliphorids. The bait traps have been modified by 
replacing the corn cob with a wick in a e-ounce salve jar. 


le7/ Department of Entomology, Colorado State University; Fort Collins, 
Colo. 


128/ Protein bait contains amino acids. 
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Fly Bait Trap. 
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A Portable Field Cage for Insects 


C. F. Speers 129/ 


The portable cage presented here appears to fill a gap in the cage equip- 
ment field. ‘The units for this cage can be easily transported to the fietdeang 
quickly erected over a small plant, around the stem of a tree, or in a box in 
the laboratory. Permanent cages are often prohibitively heavy for one man to 
handle; whereas the units of the portable cage are quite light. Finally, three 
disassembled cages take up less space in a trunk than one permanent cage. 


Because all parts of the portable field cage are of a standard dimension, 
the cutting and machining are simplified. The units are constructed of treated 
lumber 2 inches square and 36 inches long. Any convenient size can be used, 
depending on immediate or anticipated problems. Framing for half of the units 
is machined with a 3/8-inch tongue along one face of each cornerpost; a 3/8- 
inch groove is machined in one face of the remaining cornerposts. After the 
material is machined, it is joined) to formethe units shown in fieure sr. 


36" 





2x2 PIECES 


20x20 BRONZE 


OR PLASTIC 
SCREEN 








Y, STEEL 
PLATE! 


(A) 


@ 


Bye 


3 u 
7g GROOVE TONGUE 


Figure 1. Units off an adjustable portablesticldseace, 


129/ Southeastern Forest Experiment Station, Forest Service, USDA, 
Asheville, N. C. 


116 


The opening in each unit may be covered with either plastic or bronze 
screening; usually 20 by 20 mesh prevents the escape of most insects. The 
opening in the units may be modified to fit the need of various investigations: 
some may be covered with plywood, some may be covered with cloth, and some may 
even be provided with doors and windows. 


Pieces of 1/16-inch steel plate, 4 inches or more wide, should be fastened 
to the bottom of each unit along its perimeter. This plate is easily forced 
into the ground and prevents insects and other organisms from burrowing into 
or out of the assembled cage. The steel plate also provides rigidity and helps 
anchor the cage in place. 


After the units are fitted together to form a cage, a means of holding 
the posts tightly against each other is desirable. Loose pin hinges are quite 
handy £or this purpose (fig. 2). 


Additional tongues and grooves in the units adapt this simple cage to an 
infinite variety of multiple-unit cages of many sizes and shapes. In fact, 
With @ little ingenuity the units could be used to construct something as 
large as a portable insectary. 


TOP OF CAGE 2"x2" TO SET DOWN INSIDE TOP OF CAGE 






DETAIL OF 

LOOSE PIN HINGE, 
USED AS A LOCKING 
DEVICE 


STEEL PLATE PRESSED INTO 
SOIL, FOR STACKING CAGES, 
OR MOUNTING CAGES INSIDE 
A BOX. 


Figure 2. Cage assembly of portable rearing cage. 
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A Portable Rearing Cage for Insects 
Bureau of Entomology, California Department of Agriculture 


A simple, inexpensive portable cage for rearing out insects is shown in 
figure 1. A1- or 2-quart, square, waxed, paper milk carton with the inside 
margin of the top and two sides cut out is placed about half-way down in a 
lady's discarded stocking. A rubber band is placed around the indentation at 
the base of the carton to hold the stocking in place and the foot is cut off. 
The rearing material is then placed in the gage. the excess stocking at the 
top is tied in a knot and is used to suspend the cage. 





Figure 1. A simple, inexpensive portable rearing cage. 
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A Sampling Fork for Estimating Populations of Small Arthropods 130/ 


C. F. Henderson 131/ 


When studies of the biology, ecology, and control of the brown wheat mite 
(Petrobia latens (Miiller)) were planned, it was first necessary to develop a 
method of estimating mite populations on various small grains. ‘The first 
method tried was to dislodge the mites by brushing the host plant back and 
forth with the hand, and to count those that fell on a white card held beneath 
the foliage. These mites readily fell to the ground when the plant upon which 
they were feeding was disturbed. However, this procedure was too slow where 
large numbers of small-unit samples had to be taken quickly under comparable 
conditions of temperature, light, and time of day. Population estimates in 
plots sampled early in the day were not comparable with those taken later. 
Furthermore, a method was desired in which the samples could be taken to the 
laboratory and the mites counted under more favorable conditions. The appara- 
tus and technique developed for these studies are described herein. 


Pescripulom of Fork 


In fall or winter when the plants are small, the most satisfactory popu- 
lation estimates may be made by counting the mites on the foliage of 1-foot 
sections of planted row, with a head binocular (fig. 1). In spring and summer 
after the plants have begun their upright growth, the mites are caused to drop 
from foliage to adhesive-covered glass slides held in a galvanized-iron 
sampling fork (fig. 2), similar to one described by Lawson 132/. This fork 
consists of four tines attached to a tubular steel handle that extends from 
the base at an angle of about 257. Around the edge of each tine is a retaining 
rim. The points of the tines are beveled on the bottom to prevent them from 
digging into the ground when the fork is pushed along the soil surface. ‘The 
slides are of single-strength window glass just large enough to slip into the 
rectangular chamber of the tine. 


For convenience in handling, four slides are placed in an aluminum clip 
which has the ends turned back over the slides so that the glass surfaces will 
not touch when several clips are stacked (fig. 3). Two upturned stops on the 
back margin of the clip prevent the slides from falling out. While held in the 
clip, the upper surfaces of the four slides are coated by brushing with a hot 
mixture of mineral oil and vaseline. ‘The proportion of the two ingredients 
depends upon field temperatures. The mixture should be fluid enough to spread 
uniformly in a thin film over the slide without showing brush marks, but firm 
enough not to flow under high temperatures. Brush marks greatly hinder the 
counting, as only those mites directly above white areas showing through the 


130/ Adapted from Henderson, C. F. A sampling fork for estimating popula- 
tions of small arthropods. U.S. Dept. Agr., Agr. Res. Serv. ARS 33-18, 7 pp. 1956. 

algal Retired, formerly of Entomology Research Division, ARS, USDA. 

nee Lawson, F. R., Fox, D. E., and Cook, W. C. Three new devices for 
measuring insect populations. U.S. Bur. Ent. and Plant Quar. B=103,.0. ppsslout. 
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glass slides are counted, and the uneven refraction of light through irregular 
adhesive surfaces obscures the outline of these areas. Three parts of mineral 
oil to one of vaseline is satisfactory; the proportion of vaseline is increased 
with higher temperatures and decreased with lower ones. The mixture may be 
applied cold, but it is more difficult to avoid leaving brush’ marks when 
applying a. thinsti im; 


After the slides have been coated, they are stacked in one side of a metal 
slide box (fig. 4). This box has two compartments--one for carrying the clean, 
coated slides to the field and the other for holding the slides after the mites 
have been collected. Three of these slide boxes are placed in a metal case for 
carrying to the field (fig. 5). A large number of the slides may be coated and 
held indefinitely ingthese carrying scasesston future: samplings 


In a field to be sampled, a slide box is removed from the carrying case 
and taken to the sampling site. A clip of slides is taken from the box and 
rested on the flat surface of the fork. The slides, removed individually from 
the clip and inserted in the tines of the fork with the adhesive surface on 
top, are held in position by the retaining rim (fig. 6). ‘The sampling fork is 
then ready for use. 


Using the Fork 


The fork containing the coated slides is inserted through the base of the 
plant at ground level (fig. 7), and the foliage is disturbed by brushing with 
the hand so that the mites will drop to the ground. Those that fall on the 
slides are held by the adhesive. The fork is then withdrawn and the slides 
are replaced in the clip. | The: bottom or ouvsidestop mercinscohethesc lives 
labeled with a lead pencil as to sampling site, date, host, or other desired 
data. ‘The clip of slides is then returned to the holding box, and when all the 
collections have been made, the box is placed in the carrying case and brought 
back to the laboratory for counting. The samples may be held in good condition 
for many days in the refrigerator. 


Counting the Mites 


For counting the specimens a thin transparent celluloid card is inserted 
between the glass slides and the metal clip. This counting card has four 
white areas 1/4- or 1/8-inch wide and 4-1/4 inches long, so arranged that they 
will coincide with the approximate centers af the four slides. when the card is 
shoved tightly against the retaining stops. The white areas may be made with 
plastic paint or plastic tape. Counting is done with reflected light from an 
ordinary microscope lamp. 


When a card containing 1/4-inch strips is used, each slide represents a 
sample area of 1.06 square inches, and each fork 4.25 square inches (approxi- 
mately 1 inch of planted row). When a 1/8-inch strip is used, one-half of 
these areas are represented. No statistical differences were observed between 
counts made with the two areas. Other types of counting patterns may be used, 
such as four 1/4- by l-inch areas placed one above the other in the center or 
run diagonally across the card. The differences between such patterns did not 
exceed 4 percent. If the number of mites present over the counting area is not 
sufficient for an adequate count, the entire slide may examined under lower 


° 
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power. Furthermore, where low populations occur or slide-carrying space is 
limited, as on an extended survey, a composite sample may be taken on a single 
set of four slides, and so labeled. After the counts have been completed, the 
slides are placed in a cylindrical wire screen basket and submerged in a 
solvent (fig. 8) where they are agitated a few times and then allowed to soak 
to dissolve the mineral oil and vaseline. The clean slides may then be wiped 
with a rag or placed in hot water and spread out on a rack to dry. If cleaner 
Slides are desired, they may be agitated in hot, soapy water after being 
removed from the solvent, and then rinsed in hot water. The metal clips are 


cleaned by wiping with a rag moistened with solvent, or soaking in the solvent 
and then wiping. 


Other Uses of the Sampling Fork 


The sampling fork was found to be very satisfactory for estimating 
populations of the spotted alfalfa aphid and various species of thrips and 
other insects found in alfalfa fields. However, the optimum proportion of 
mineral oil and vaseline varies with the insects being collected. For example, 
a 5 to 1 mixture retained practically all the aphids, whereas a few were able 
to escape when 3 parts of mineral oil to 1 part of vaseline were used. When 
Sevecralespecies are present, the proportion should be the one that will catch 
those insects most likely to escape. By this procedure the fork should be 
practicable for sampling any small arthropod attacking small grains that has a 
tendency to fall when the plant is disturbed. The color of the counting area 
Omethescelluloid card) should vary with the color of the insect. For example, 
for the spotted alfalfa aphid, which is pale greenish yellow, a dark background 
should be used. For the brown wheat mite and other dark species a white back- 
ground is the most satisfactory. 


Lei 


Figure 1. Counting brown 
wheat mites on small wheat 
plants in 1-foot sections 
of planted row with head 
binocular. 


Figure 2. Sampling fork 
for collecting brown wheat 
mites from foliage of 
small grains for counting. 


Figure 3. A, glass slides; 
B, aluminum clip; C, glass 


slides in clip ready for 
application of adhesive. 
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Figure 4. Slide box for 
“carrying clips of coated 
slides to sampling site: 

A, front view showing 

empty slides stacked in 
front compartment; B, 

side ,view; C, front view 

showing slides in rear 

compartment after col- 
lections have been taken. 





Figure 5. Carrying case 
for holding three slide 
boxes. 





Figure 6. Inserting coated 
slides in tines of 


sampling fork before 
taking collection. 
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Figure 7. Sampling clump 
of grass for populations 
of brown wheat mite. 





Figure 8. Apparatus used 
ingcleaning slides <a 
solvent -for cleaning 
clips; B,) ¢ream@canweor. 
taining solvent Lor 
cleaning slides; C, basket 
of clips; D, wire backes 
of clips ready for soaking 
in solvent. 





12h 


Sticky Board Traps 


Plant Pest Control Division 


Traps, utilizing a sticky material to catch and hold insects, have been 
used for years. Variations of these may be useful for numerous kinds of insect 
surveys. As the traps are inexpensive and easy to manufacture, regular re- 
placement with new ones is facilitated. Reclaiming used traps has proved to be 
costly, except where very few are in operation. 


some of the advantages of the sticky-board traps, especially when used in 
large numbers, are as follows: (1) The exposure time is unlimited as they are 
effective as long as the barrier material remains sticky; (2) the traps func- 
tion at all times of the night and day when temperatures are optimum; (3) they 
are compact, easy to handle and to place in operation, and require very limited 
space when transported; and (4) inspection is rather easy. The principal 
Objection by users is the handling of finished traps but the free use of sol- 
vent readily overcomes the problem. 


The traps may be checked in the field, moved to a central inspection 
station, or collected and stored for inspection at a more desirable time. 
Under actual Tield conditions when these traps were used for pear psylla, a 
small insect, the specimens were adequately preserved and could be readily 
identified when removed after a lapse of 5 months. Inspection time is reduced 
and efficiency improved by marking each side of the board with two black lines 
to divide it into thirds. Colors and lures greatly improve the effectiveness 
PIecitomerepe oOme COlLleCc Ions may result from normal insect flight; but, in 
Beneral, tests have shown that a board that is. painted yellow with a tinge of 
Orange will catch more insects. In special cases, where synthetic or food 
Pures wmavespeen Used, color seems to be of little significance. 


ie bac. cetrap, generally > by LO inches in size and one-fourth inch or 
less in thickness, may be manufactured from wood, plastic, or treated paper. 
it is imperative that the carrier will not absorb the sticky material. Suit- 
able hangers may be made from 18-gage soft iron wire passed through a centered 
hole 1 inch from the top of the board. The adhesive material may be applied 
by hand (spatula or tile cement spreader) or by passing the boards between two 
rollers such as a washing machine wringer. One pound of most materials will 
coat 35 or 40 traps. When coating during cold weather, the consistency of the 
sticky material may be improved by placing the containers in a SO Gre (Oy 8s 
water bath. 


Specimens are readily removed from the adhesive material with a small 
stick or flattened object after first applying a suitable solvent directly on 
the specimen. When the specimens are removed, they should be placed in vials 
containing the solvent. After a short time the sloshing motion of the solvent 
will remove any remaining sticky material and the specimens are ready for 
determination and transfer to alcohol or another preservative. 
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When the sticky material is placed on a surface that has been made imper- 
vious to oily substances by means of paint, lacquer, or shellac, the effective- 
ness quality of the adhesive is generally retained indefinitely. Highway 
marking lacquer serves well for coloring traps yellow. The lacquer may be 
brushed, rolled, or sprayed. At temperatures below when most insect flight 
ceases, the average substance will still be sticky. When temperatures are near 
or below the freezing point, the surface becomes semitacky but returns to its 
original condition in warm weather. Light rains and showers do not affect the 
stickiness or other qualities of the substances. Heavy, beating rains that 
may result in white milky spots and streaks on the surface, slow up inspection. 
Heavy duststorms frequently cover the traps to the extent of turning them black 
with dirt. The affected surface may first be cleaned with solvent applied with 
an atomizer to aid in the inspection of such boards. 


Sugar Bait for Heliothis Moths in Arkansas 
W. P. Boyer, Charles Lincoln, and J. R. Phillips 233/ 


The use of sugar baits has been developed as a survey method to determine 
field populations of Heliothis moths in Arkansas. Light traps placed in 
forestry towers are being used to study possible migration of moths. 


Sugar spray is applied to each 50th row in a field. Row length determines 
the number of rows selected. Total row length sprayed generally amounts to 
one-half to 1 mile. 


Around 6 p.m. the sugar spray is applied at walking speed by using a 
compressed air sprayer with one nozzle held 6 inches to 1 foot above the plants. 
Pressure is kept relatively low to give large droplets; however, droplets can 
be too large, causing the spray to run off the plants. After comparing sugar 
concentrations of 0.75, 1.5, and 3 pounds per gallon, 1.5 pounds per gallon was 
chosen as a standard. ; 


Baited rows or "sugar lines" are checked at slow walking speed, soon after 
dark by using a headlight. 


An increase in the number of moths observed daily, Monday through Friday, 


has been rather significant. It is not known whether this may be caused by 
sugar accumulation or possible "training" of the moths. 


133/ Department of Entomology, University of Arkansas, Fayetteville, Ark. 
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Numbers of Heliothis moths on sugar lines in the Jefferson Community , 
Desha County, Ark., were compared with numbers taken in a standard blacklight 
trap in the same area for 1964-65, as follows: 





Number of Moths 


1964 ere -eeeewrere ICDS ee Ces 

1,000 Light 1,000 Light 
Date row feet trap Date row feet trap 
6/8 to 6/5 ope 2 5/31 to 6/3 29.83 5 
B/oNGo 6/12 B4.9 O O/T to ake ONTO al 
6/1560 76/19 sear 2 6/1 to 6/16 15207 e 
6/22 to 6/25 eo O Gy aieue 0/25 Pian ih 
6/30" to"7/3 Dale) 1 sy 2S eanoity 2 cl alget d 0 
1/6 .to 7/10 22.3 5 7/7 to 7/9 ie ey y 
Ty Byes (gate 48.9 26 (pe cot) 16 23,20 ia 
7/20. cor (/ 2 6.5 13 T/lorco"(/ 23 ay 14 
Re TebOrT) 31. 212 4 f/eonO 1/30 OroL 9 
6/3..00°0/7 Mets Ta 8/2 to 8/5 inks 12 
8/10 to 8/14 6.3 ale 8/9 to 8/13 29.96 4 
8/15 to 8/19 i) 85 8/16 to 8/18 ne. 22 8 
8/20 to 8/2h iy 2/ 8/24 to 8/27 6.2h 148 
e/2> tio 9/1 uy, Gah 8/30 to 9/2 13,00 105 


/ pugar lines not run. 


~ e/ Light trap out of order. 

Mouns yon suger lines are expressed as numbers per 1,000 row feet while 
actual numbers taken in the trap are listed. Data show that the light trap is 
rather inefficient in estimating field populations of moths during,June, July, 
and part of August. During mid-August to late August, relatively more moths 
were taken in the light trap than were observed on sugar lines. This is 
thought to be due to crops approaching maturity and becoming unattractive. 
bugareiine data alone with light trap data provide a clearer picture of the 
seasonal occurrence of H. virescens moths. 


Ducane May =3) through July 2 -from 3-3 to 24.3 percent of Heliothis moths 
poeciest1cld weve i. virescens. In the light trap H. zea moths were low during 
this period but no H. virescens were taken. After mid-August, H. virescens 
were taken in the light trap while none were observed on sugar lines. Sugar 
line data show that peak moth populations in the field occurred at approximately 
5-week intervals in 1965. 


Many workers over a long period have reported a 30-day life cycle in 
laboratory rearing at summer temperatures. The 5-week peak has helped explain 
a puzzling problem in that outbreaks of bollworm have occurred in soybeans in 
late August approximately 5 weeks after July outbreaks in cotton. 


7 


Moth peaks did not show up in light traps as distinctly as they did on 
sugar lines in 1965. Unpublished results of a previous study showed that peak 
moth numbers in light traps may appear about 1 week later than peaks of eggs 
on cotton. ‘This would indicate that moths taken in light traps are older spent 
moths. It is known that moths of all ages are observed on sugar baits. 


Factors other than populations were studied in connection with this survey. 
Although the full significance of shades of color of the bollworm moth is not 
known, it has been determined that moths from pupae which were in diapause are 
light in color. To further study the color factor, moths are classed as light 
or dark and the data recorded seasonally and by host. Moths are collected and 
examined to determine the number of times females'have mated. These data are 
recorded seasonally and by host. 


This method of survey apparently could be used for other species of 
insects. Data on other species were not collected; however, it was quite 
evident that moths of cabbage looper (Irichoplusia ni (Htibner)), armyworm 
(Pseudaletia unipuncta (Haworth)), and green cloverworm (Plathypena scabra 
(Fabricius) ) respond to the sugar spray. 


Sweep Nets 
Woiee Oven: 13h/ 


Insect collection with a sweep net is made easier by the use of a 7-dram 
plastic capsule vial attached to the end of the sweep net bag. When insects 
are to be collected for accurate counting or preserving, this adaptation 135/ 
eliminates the use of a killing jar, and the transfer of insects from the bag 
to the killing jar and from killing jar to another container (fig. 1). 


To make this adaptation 135/, the end of the bag is cut off being careful 
that the proper length of the tip end of the tapered’ bag is removed. This 
permits the cloth to fit over the plastic vial cap. Glue is used to help hold 
the vial cap in place. Fine nylon string is then wrapped firmly around the 
cloth and vial cap, and glue is applied to the string. After the glue is One 
a hole is cut in the vial cap removing all of the top of the cap and leaving 
the rim of the cap around the top of the vial. (The hole should not be cut 
before wrapping and gluing in order to keep the vial and cap rigid when 
wrapping.) The vial can then be removed and replaced as desired. 


When surveying or collecting or both, the surveyor has a supply of vials 
containing alcohol or other preservative. With an empty vial attached to the 
bag, the surveyor makes the desired number of sweeps, works the insects down 
into the vial, and removes the vial from the bag. Escape of insects can be 
avoided by holding the thumb over the vial. Preservative from a filled vial 


13h/ Department of Entomology, University of Arkansas, Fayetteville, Ark. 
135/ Adaptation designed by F. D. Miner, Entomologist, University of 
Arkansas. 
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is emptied into the vial with the collection and the vial just emptied is 
inserted into the bag. This method has been satisfactory except, of course, 
for large species. 


imes>-inch net (fie. iy..also designed by F. D. Miner, has proved to be 
useful in sweeping alfalfa. When sweeping heavy foliage, as alfalfa, this net 
penetrates the voliage much better than does the standard 15-inch net. Very 
large numbers of insects are often taken by a sweep net in alfalfa. This 
results in large numbers to count when the surveyor makes the proper number of 
sweeps to provide field coverage. Better penetration of foliage and greater 
field coverage with countable numbers of insects result in more accurate 
sampling with the smaller net. 


The financial outlay for sweep net bags often becomes expensive. The use 
Ci ommeOrd sina double strand sas shown in figure 2; adds to the life of the 
bag. This method is also used with the standard 15-inch net with a standard 
bag looped around the steel ring. Varnish on the cloth loop also adds to -the 
life of bags. In some cases both nylon cord and varnish are used. 


For Higures ieand 2, see following page. 


129 


adeWeabiotey ak 





& 








AUTHOR INDEX 


Po hmoumummeienesearch Gervice sm... «6 kk ek 
JN Oa) Uy en are 
OOM NT. ss e+. «ele. 8 ons 

Banash, 5. &. eo 

Pees) Jo rs 

Daweer ais Os 

BES ed on else AG A go ee Ge ae Ur Ore 
ee eM MBN Ce use 8. es ee ss hen, oy we 
beckwathye ib. C. 

Pen jemi nae. M. : 

Pemekenerart, C. C.. 

DOV Cree Meve a * o's 





California Department of Agriculture 

eee MUMPOMmEIGOMOLORY™ ~. . 1 6 6 es wt ee ke 
Cet eo mmieme lu. eo on ey 61 6 ene wee 5 gets 
Cha rpemurer lie ds se ee 0 y's 

POV NPM eile, 6. sh eis. +. 0. 0 

COPDere ae Nero 6 « 6 6 «6 6 


COS St, IC a a 

Rorua mee OU Gs ilewo Meco s4-6 eu sn eye #45, eh 8 8 ee 
Ory ee Sel Be ee RT SP re er ga 
emi eC fol oie bs gre sg 66) 04 eee 6 me, ee ee 
UTA Gl. aa le ete ee rg 
DOU SC CRE Veer seu es sk so sos. 6 spe) «pe eis Sie eye. 
OURS... See ER A ae ah ee ec er 
oye MM NC eae sys. 6 el ey eh ss 6 eye. 8 eg ees 
eebemmrcyerst. 1308 a ee eC ee 
HOC Se ME MY es fos ee. ee ey es 8 0 Hee 8 
TRUER E ie Vl Ge aA tn 1 Ce mC ec Cn ee er ete Se 
CR I Se a ee 
paaeysin Wi, “2G. 2G) A ao. Ce er a 

Gs Gliese WG A ae 

GOIN yo meeniveltes 61) s+ e, 0.6 

GRIGG. Ty bey A Gane 

PCOOGUme LOW IV. Vieluss 0, 2. 


ECM. 0 ig BY 4 ol aCe i a 
CAD ANMO se lls clou eqs, «<6. ss 

Sratcterai: ile Al 6 an ay aoe ee 

Hammer, O. H. 


Harding, W. C. Pee ee EAP Sas eae 

PEN ele) lity (CAL) Gee eC a a ae 

enter SOrmmGsel ss 6@ + s+ 2 + 2 6 8 8 6 6 8 8 tl 
ODP mca fee. es ss te es 


Be 1 


Page 


103 


118 

100 
oe 
(e 
31, 
LO 

102 
43 


34 
LO 


LOS; 


LOO 


109 


119 


58 


a Bee 


76, 92, 


126 pelleS 


S253) 


6,036 
110 


32, 33, 


13, 17, 
91, 99 
aa 


Jackson, Rs D- 
Jenkins, Lo HE. 


Johansen, C. 
Ke DiLCi ya crom us 
Tandts eben. 
Lincola. GC. 


McCormick, W. J. 
McMillian, W. W. 
Mane UG Zea sad. 


Macnesye nh. 
Middlekauff, 


W 


Nielson, M. W. 


Oda lente. 
detetoWen (By 
Peverecou seri. 


Petty, H. 'B. 


- W. 


Pailiips asa. 


Plant Pest Control 


POWe same. 





Prescowut, Ho. 
Hines ee oni. 
Robinson, | D. 
Rohwer, G2 G. 


W. 


W. 


ROLS GO, wilraeils 
ochuder sD. L. 
pedigine -a fessG.. 


Shands, W. A. 
Shirck, F. H. 


pnockley Co WwW. 
nimpson, G. W. 


sialeleyy (Cry ih 
Sinaia! ey Ae 
DPCCL oem omElr 
PPCUCer yal. 


smemeateyy 166s, Ale 


Svitt ne 


Terre ie eel. 


Walser. 
Whitcomb, W. 
White, Ge Be 


White wc.sD, 


De 


Wilson@ bi Cc: 


Wylie, W. D. 


e 


AUTHOR 


e e e e e e e 


IDEINW SUSI Oya. 


INDEX (continued) 


Se 


Page 


91 
114 


LOT 


12 


12 
106 


102: 
32 

106 
28 
21, 

116 


108 


126 


daick 
13, 
OL 5 = 95 


13, 17; 
91, 99 
99 


SPECIES INDEX 


Page - Page 
Acyrthosiphon pisum eu 02 Budworms 100 
Acyrthosiphon solani 106 Burrowing nematode 
Alabama argillacea Mec yeadihyd (Radopholus similis) 1 
Aleurocanthus woglumi sl Cabbage looper 
Alfalfa caterpillar (Trichoplusia ni) Shi aia 
(Colias eurytheme ) el 128 
Alfalfa weevil Cadelle . 
(Hypera postica) 22 (Tenebroides 
Amblyomma americanum 88 mauritanicus) 97 
Amblyomma maculatum 88 Calliphorids gehts 
Amphimallon majalis al Cattle grubs 87 
Anabrus simplex dl Celama sorghiella 16 
Anastrepha ludens a Cephus cinctus 37, 40 
Angoumois grain moth Ceratitis capitata ip 
(Sitotroga cerealella) 97 Cereal leaf beetle 
Anocentor nitens 88 (OQulema melanopus ) ih 
Anthonomus grandis 1, 43, 44 Cerotoma trifurcata ony ee 
Aphids Elen) Oe Chaetocnema pulicaria 12 
Aphis gossypii TS deta Cherry fruit fly 
Aphis nasturtii 106 (Rhagoletis cingulata) 82 
Aphrophora saratogensis 62 Chinch bug 
Apple maggot (Blissus leucopterus ) Se 
(Rhagoletis pomonella) 79 Chinch bugs 1336 
Armyworm Choristoneura fumiferana ues “748 
(Pseudaletia unipuncta) ee SN hy auele Chrysopa spp. hg 
Armyworms 36 Circulifer tenellus ile Leroy 
Balsam gall midge LO 
(Dasineura balsamicola) 52 Citrus blackfly 
Barley thrips (Aleurocanthus woglumi) 7. 
(Limothrips denticornis) 32 Citrus red mite 
Bean leaf beetle (Panonychus citri) 75 
(Cerotoma trifurcata) Sie “ee Clover aphid 
Beet leafhopper (Nearctaphis bakeri) 23 
(Circulifer tenellus) eLOOs Colaspis spp. 13 Slee 
j . LLG Colias eurytheme an 
Big-eyed bugs Conotrachelus nenuphar $3,.05 
(Geocoris spp.) LOT e5O Contarinia sorghicola 36 
Blissus leucopterus Se Corn earworm 
Boll weevil (Heliothis zea) ep, Meg ek 
(Anthonomus grandis ) Te, Seth ; ee eae 
Bollworm 91, 94, 
(Heliothis zea) iil IN 114, 127 
Bollworms TH Be Rts Corn flea beetle 
Brown wheat mite (Chaetocnema, pulicaria) Bas 
(Petrobia latens) Take neal Corn leaf aphid 
Bruchus pisorum 103 (Rhopalosiphum maidis) 13, 17, 33 
Buckthorn aphid Corn rootworms 
(Aphis nasturtii) 106 (Diabrotica spp. ) Se vibes 


133 


Cotton aphid 
(Aphis gossypii) 
Cotton fleahopper 
(Psallus seriatus) 
Cotton leafworm 


(Alabama argillacea) 
Cryptolestes pusillus 


Cutworms 

Cylassiormicarius 
elegantulus 

Dasineura balsamicola 

Dasineura gentneri 

Deer flies 

Demodex spp. 

Dermacentor spp. 

Dermestids 

Diabrotica spp. 


Diabrotica undecimpunctata 


howardi 
Diatraea grandiosella 
Diatraea saccharalis 
Har tick 


(Otobius megnini) 
Echidnophaga gallinacea 
English grain aphid 

(Macrosiphum avenae) 
European chafer 

(Amphimallon majalis) 
Kuropean corn borer 

(Ostrinia nubilalis) 


European red mite 


(Panonychus ulmi) 


Fall armyworm 


(Spodoptera frugiperda) 
Flat grain beetle 


(Cryptolestes pusillus) 
Flea beetles 
Flour beetles 
Flour moths 
Flower bugs 
Follicle mites 
(Demodex spp. ) 
Foot louse 


(Linognathus pedalis) 


Four-spotted spider mite 


(Tetranychus canadensis) 
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36, 40 Grain mites 
Granary weevil 
(Sitophilus granarius) 
Grape root borer 
(Vitacea. polistiformis) 
Graphognathus spp. 


Grasshoppers 


Greenbug 


sh Gna (Schizaphis graminum) 


Green cloverworm 


(Plathypena scabra) 
Green peach aphid 


(Myzus persicae) 
Gulf Coast tick 
(Amblyomma maculatum) 
Gypsy moth 
(Porthetria dispar) 
36 Haematobia irritans 
Haematopinus suis 
Hall scale 
(Nilotaspis halli) 
ar h, Harmolita tritici 
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iat Heliothis spp. 


Heliothis virescens 
Heliothis zea 
TO salah 


Hessian fly 
(Mayetiola destructor) 
50 Heterodera glycines 
Heterodera rostochiensis 
Hog louse 


(Haematopinus suis) 


Hoplocampa brevis 
Horner ly; 


(Haematobia irritans) 
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Hornworms 
Horse bots 
Horse flies 


Hylemya platura 


Hypera postica 
Imported fire ant 


(Solenopsis saevissima 
richteri) 
Indian-meal moth 
(Plodia interpunctella) 
Insidious flower bug 
(Orius insidiosus) 
Japanese beetle 


(Popillia japonica) 


Khapra beetle 
(Trogoderma granarium) 
lacewings 
Iladino clover seed midge 
(Dasineura gentneri) 
lady beetles 
larch sawfly 
(Pristiphora erichsonii) 
Leafhoppers 
Lepidoptera 
Lesser grain borer 
(Rhyzopertha dominica) 
Lice 
Limothrips denticornis 
Linognathus pedalis 
Lone star tick | 
(Amblyomma americanum) 
Loxagrotis albicosta 
Lygus bugs 
Macrosiphum avenae 
Macrosiphum euphorbiae 
Mange mites 
(Sarcoptes spp. ) 
Mayetiola destructor 
Meal moth 
(Pyralis farinalis) 
Mealworms 
Mediterranean fruit fly 


(Ceratitis capitata) 


Melophagus ovinus 
Meromyza americana 


Mexican fruit fly 


(Anastrepha ludens ) 
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Mirids 
Mormon cricket 
(Anabrus simplex) 


Myzus pers persicae 
Nabids 


Nabis spp. 
Nearctaphis baker i 


Nilotaspis halli 


Northern fowl mite 











Neodiprion nanulus nanulus 


(Ornithonyssus sylviarum) 88 


Oebalus pugnax 

Onion thrips 
(Thrips tabaci) 

Orchard mites 

Orius insidiosus 

Orius spp. 

Ornithonyssus bursa 


Ornithonyssus sylviarum 
Oryzaephilus surinamensis 


Ostrinia nubilalis 


Otobius megnini 
Oulema OQulema melanopus 
Panonychus ragek 
Panonychus ulmi 


Paratrioza cockerelli- 
Pea aphid 

(Acyrthosiphon pisum on 
Pea weevil 

(Bruchus pisorum) 
Pear psylla 

(Psylla pyricola) 
Pear sawfly 

(Hoplocampa brevis ) 
Pectinophora gossypiella 
Pegomya hyoscyami 


Petrobia latens 


Phyllophaga spp. 
Pink bollworm 


(Pectinophora gossypiella) 


Pissodes strobi 
Plant bugs 


Plathypena scabra 
Plodia interpunctella 


Pium ecurculio 
(Conotrachelus nenuphar ) 
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Popillia japonica 


Porthetria dispar 
Potato aphid 
(Macrosiphum euphorbiae ) 
Potato psyllid 
(Paratrioza cockerelli) 
Poultry lice 
Poultry mites 
Predators 
Pristiphora erichsonii 
Psallus seriatus 
Pseudaletia unipuncta 
Psocids 


Psoroptes spp. 
Psylla pyricola 
Purple mite 


pee citrus red mite 
byradiserarinalis 
Radopholus similis 
Thorne 
Red-pine sawfly 
(Neodiprion nanulus 
nanulus ) 
Rhagoletis cingulata 
Rhagoletis pomonella 
Rhopalosiphum maidis 
Rhyzopertha dominica 
Rice stink bug 


(Oebalus pugnax) 


Rice weevil 
(Sitophilus oryzae) 

Roost mites 

Root aphids 

Saratoga spittlebug 


(Aphrophora saratogensis) 
Sarcophagids 


warcoptes (spp. 
Saw-toothed grain beetle 


(Oryzaephilus 
surinamensis ) 
Scab mites 


(Psoroptes spp.) 
Schizaphis graminum 
Seed-corn maggot 


(Hylemya platura) 
Sheep ked 


(Melophagus ovinus) 
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Sitona spp. 


Sitophilus granarius 
Sitophilus oryzae 
Sitotroga cerealella 
Solenopsis saevissima 
richteri 
Sorghum midge 
(Contarinia sorghicola) 


Sorghum webworm 
(Celama sorghiella) 
Southern corn rootworm 

(Diabrotica 


undecimpunctata 
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Southwestern corn borer 


(Diatraea grandiosella) 


Soybean cyst nematode 
(Heterodera glycines) 

Spider mites 

Spinach leaf miner 


(Pegomya hyoscyami) 
Spissistilus festinus 
Spittlebugs 


Spodoptera frugiperda 
Spotted alfalfa aphid 


(Therioaphis maculata) 
Spruce budworm 
(Choristoneura 
fumiferana 
Stable fly 
(Stomoxys calcitrans) 
DULCKkUISht tiles 
(Echidnophaga 
SER 
Stink bugs 
Stomoxys calcitrans 
Sugar-beet root maggot 
(Tetanops myopaeformis) 
Sugarcane borer 
(Diatraea saccharalis) 
Sweetclover weevil 
(Sitona cylindricollis) 
Sweetpotato weevil 
(Cylas formicarius 
elegantulus 


Tenebroides mauritanicus 
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Tetanops myopaeformis 
Tetanychus canadensis 
Tetranychus urticae 

therioaphis maculata 


Three-cornered alfalfa 


hopper (Spissistilus 
festinus ) 


Thrips 


Thrips tabaci 
LCKs 


Tobacco budworm 
(Heliothis virescens) 
Tomato fruitworm 
(Heliothis zea) 
Iribolium spp. 
Trichogramma sp. 
Trichoplusia ni 


Trogoderma, granarium 
Tropical fowl mite 


(Ornithonyssus bursa) 
Tropacal horse tick 

(Anocentor nitens) 
Two-spotted spider mite 


(Tetranychus urticae) 
Vitacea polistiformis 
Western bean cutworm 


(Loxagrotis albicosta) 


Western grape leaf 


skeletonizer (Harrisina 


brillians ) 
Wheat jointworm 
(Harmolita tritici) 
Wheat stem maggot 
(Meromyza americana) 
Wheat stem sawfly 
(Cephus cinctus) 
White-fringed beetles 
(Graphognathus spp.) 
White grubs 
White-pine weevil 
(Pissodes strobi) 
Wireworms 
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